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ACIWATEP CHECKPOINT THERAPY AND METHOBS OF 

USE THEREOF 



Background ofthe Invenhon 

S Oieclqpcnnts are bmh into the machinery of the cell proliferation cycle to protect 

cfaiomosranal integrity. The ^^proximately 10^^ cell multiplications that occur during the human 
life span, together with inevitable errors in DNA replication, and exposure to ultraviolet rays and 
mutagens, underscores the requirement for accurate checkpoint function. In the simplest model, 
four major checkpoints monitor the integrity of genetic material. These checkpoints occur during 

10 cell-cycle progression, making ceitain that previous steps have been adequately complied before 
advancing along the cycle. DNA synthesis begins only past the restriction point (R point), where 
the cell determines if preparation during Gl has been satisfactory for cell-cycle continuation 
(Pardee AB. (1974) Proc. Natl Acad. ScL J7.SA, 71:1286). The second checkpoint occurs during 
replicon initiation in S phase. The third checkpoint takes place in the G2 phase, where DNA 

IS synthesis is completed and assessed prior to chromosome segregation. The fourth d)eclqK>int 
occurs in phase, tenned the mitotic checkpoint. Delays in the cell cycle, made possible by 
checkpoints, facilitate repair and minimize dangerous repUcation and segregation of damaged 
DNA. CeUs are generally thought to undergo apoptosis when the DNA damage is irreparable, 
after they unsuccessfuUy commit to r^air DNA, or when conditions are adverse for tfadr growth. 
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In Older to understand checkpoint regulation, the workings of the cell cyclemust be clearly 
outlined. Briefly, it is the family of CDKs and thdr partner cyclins, which form the "engine** of 
the cell cycle (Murray A. and Hunt T., The CeD Cycle; Freeman, New York, 1993)^ Active fornis 
of C3>Ks are a complex of a kinase and a cyclin. These complexes undergo changes in the kinase 
5 and cyclin components, thereby driving the cell from one stage of the cell cycle to the next A 
succession of kinase subunits in a specific order, namely CDK4, CDK2, and CDC2, is expressed 
along with the succession of cyclins D, E, A, and B, as the cells progress from Gl to mitosis 
(Sheir, CJ (1993) Cell 73:1059). CDK4 is complexed with several D cyclins and its function is 
induced eariy in the cycle, likdy in response to growth factors. CDK2 can be complexed eidier to 
10 cyclin EorA and is essential for DNArepUcation. CDC2 can be complexed with cydins A or B 
and is essratial for mitosis. Thus, in a sunplified oufline, cell-cycle progresaon is achieved by 
various proteins activated or inactivated by phosphorylation, as a result of activity of the CDKs 
during that stage. However, regulation of cdl-cycle progression is much more complex; it 
involves transcription of cyclm g^es, degradation of cyclin proteins, modification of CDKs by 
15 phosphorylation, and a number of po^ve and negative feedback loops tiiat contribute to cell- 
cycle progression (Hartwell IH and Kastan MB. Science 1994, 266:1821-1828). 

Checkpdnts serve as integral ccmiponents of cellular i^ysiology. They are more than 
surveyors of occasional DNA damage. TTieirinultifaceted role mceDdar homeostasis inv^ 
not only control of cell-cycle progresdon, but is also an integral part of activation of DNA repair, 
20 composition rf tdomaic chromatin, activation of transcriptional programs, telomere length and 
mductionofapoplosis(23K)U,B-BS.andEDedge,SJ.(2000)i^^ In simplest 

teims, checkpoint regulation ci danoage control consists of sensing damage, transduction of 
infomiationicgaidmg state of DNA andultimatdy the execution of DNA damage response by 
effectors. 

25 Althou^ sensors of DNA damage have not y^ been identified, much work has been done 

on transducears of inforaiation reganfing DNA damage. Ataxia telangiectasia mutated (ATM) 
gene and ATM-Rad3-related (ATR) gaie relay infoimatiwi to a downstream set of transducers 
coiiq)osed of checkpoint kinases (CHK), the C3ikl and aik2. Ultimate effectors of fliis cascade 
are the substrates of Chkl and Chk2, which are direcfly involved in DNA repair and 

30 transcriptional regulation, namely BRCAl, p53 and Cdc25C. This networic, conq)osed of sensors, 
transducers and effectors is essentiaDy tiie workhorse of checkpomt execution, which regulates 
cell-cycle progression. 

ATM and ATR, protein Hnases related to the intracellular signaling molecule 
phosphatidylinositol 3-kinase (PI 3-kinase), tiius far have been identified as die most proximal 

2 
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transducers of DNA damage (Jackson, SP. (1997) Int J. BiochenL Cell Bio 29:933; EDedge, 
SJ (1996) Science 274:1664-1672). Defective ATM was identified in patients with ataxia 
telangiectasia, a disorder that inchides increased incidence of cancer in addition to other 
features. Today, it is believed that ATM respcmds to IR damage, whereas ATR piiinanly 

5 controls cellular response to other types of damage such as UV or hydroxyurea (Zhou, B-BS 
and Hledge, SJ. (20(X)) Nature 408:433-439). Moreover, it was shown that ATM is needed 
for Gl anest (Kastan MB, et al. (1992) Cell 71:587-597), reduction of DNA synthesis 
(Painter, RB and Young, BR (1980) Proc Natl Acad Sci USA 77:7315-73 17) and G2 arrest 
(Paules RS, et al. (1995) Cancer Res 55:1763-1773) in response to JR. In addition, ATR was 

10 shown to play a role in the G2/M checkpoint response following X-inadiation (Wright JA et 
al. (1998) Proa Natl Acad. Set USA 95:7445-7450)- 

Hie exact pathways of how ATM and ATR are able to transduce information on DNA 
damage are not yet fully defined. However, some of the substrates on which ATM and ATR act 
have been identified Chkl and Chk2, serine/threonine kinases, were shown to be substrates for 

15 ATR and ATM, respectively. Chkl is significantly phosphorylated in response to hydroxyurea 
and UV light, but only moderately phosphorylated in response to IR (Zhou, B-BS and Elledge, S J. 
(2000) Nature 408:433-439). Mcneover, mutant mice lacking dther Chkl or ATR show similar 
phenotypes, suggesting that ATR acts on Chkl and that die latter is a key effector in the respmse 
pathway to UV and hydroxyurea damage. Unlike Chkl, Chk2 is phosi^ioiylated and activated 

20 following IR damage by ATM (Matsuoka S, Huang M andEUedge SJ (1998) Science 282:1893- 
1897). Furthennoie, absence of Chk2 prevented UV treated cdlsfirom activate 
suppresses; and p21 , a CDK inhibitor and pS3 substrate, thereby abrogating Gl arrest QSmo A et 
al. (2000) Sdence 287:1824-1827). Although it has been shown that both ATM and C3ik2 
phosi^ocylate p53, the exact pathway of p53 induction in respcmse to IR damage has not yet been 

25 defined CZlioo, B-BS and EDedge, SJ. (2000) i\ramr?408:433-439X b addition, both ATM and 
ATR have been shown to phcsphorylate pS3 and BRCAl both in vitro and m vivo (Zhou, B-BS 
and Elledge, SJ. (2000) Nantre 408:433-439), however ATM acts in response to IR, while ATR 
does so in response to otter fonns of damage. 

It seems that ATM and ATR are able to not only directly affect effects tumor s^ 

30 molecules such as p53^21 and BRCAl, but Aey can also pass minfonnation to downstr^ 

transducers such as Cbkl and Chk2. For a GITS arrest, Chkl and Chk2 can act via pS3^21 and 

BRCAl, whereas a G2 arrest is achieved thraug^ Chkl or Chk2 maintenance of inhibitoiy 

phosphorylation of Cdc2 (Nurse P (1997) Cell 91:865-867). More specifically, in response to 

DNA damage, Ctkl or Cbk2 phosphorylate Cdc2S, a dual q)ecificity phosphatase for Cde2. The 

3 
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phospborylated form of Cdc25 consequently translocates into the cytoplasm from the nucleus 
becoming Cdc25C, where it then retained following hfaiding to 14-3-3 proteins (Peng C-Y, et al. 
(1997) Science 277:1501-1505; Dalai SN, et al. (1999) Mol Cell Biol. 19:4465^79). 14-3-3 
proteins, 7 in total, are highly conserved, phosphoserine-binding protdns involved in cellular 

5 proliferation, checkpoint control and apoptosis (Aitken A. (1996) Trends Cell Biol 6:341-347). 
When 14-3-3[dgma] binds C^25C in the cytoplasm, the lattCT is unable to translocate mto the 
nucleus to defrfbospborylate and thereby activate Cdc2, a Cdk responsible for G2M progression, 
effectively causing GT/M airesL To complicate this picture iuither, p53, a Gl/S regulator, also 
affects G2/M arrest maintenance since it induces expression of 14-3-3[sigma] (Hermeldng H. et 

10 al. (1997) Mol Cell 1:3-13). 

Hie connectioa between dieckpdnt activation and cell death is poody understood More 
spedfically, it lemains tmknown how dieckpoint acdvadon leads to ceD death. It seems that tfaeie 
are at least three checkpoint-dq)a)dent pro-apoptotic conditions that occur in a cancer cell. The 
first ccmdition is depends on activation of a checkpoint in the presence of DNA damagp. Current 

15 anti-cancer drugs and X-rays induce cancer cell death by creating DNA damage. Damaged DNA 
activates cfaedqpoints, whore cells may commit to apoptosis if DNA damage is ineparable. 
Supp(»ting evidence for this mechanism is that mutations in the ched^ 
resistance to apoptosis induced by X4iradiation and DNA dama^ng drugs. Para^ 
thoapeutic inodaHties show modest selectivity against cancer m vnv. So wh^ 

20 selectivity? One possibility is that mutations in the pS3 patiiway lead to two separate effects on 
ceD death: resistance to apqitosis because of checkpoint defects and promotion of s^ptosis 
because of defective coordination of checkpoints. According to this idea, the overall sensitivity of 
cancer cells to apoptosds will depend cm which one dominates. The presence of mutations in other 
molecules in the checlqpoint network may determine the balance. 

25 The second pro-apoptotic condition that can occur in cancer cells has been ^ploited for 

enhancing chemotherapy ex* radiation therapy. In theory, further inhibiting the abeady weakened 
checkpoint control should promote accumulation of DNA damage, which will eventually result in 
cell death because of a catastrophic amount of DNA damage. For example, most cancer cells 
harbor defects in the Gl checkpoint. Abrogation of the G2 checkpoint by caffeine promotes ceU 

30 deatii in cells with DNA damage. 

The thiid pro-apoptotic condition can be induced by activation of one or more checkpoints 
without causing DNA damage. This concUtion is completely different from the scenario under the 
first condition where activation of a checkpoint is secondary to DNA damage. Under this third 
condition, cell death is likely to occur because of endogenous DNA damage accumulated in 
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cancetcells as well as "collisions'* between the proliferation drive of cancer ceUs and the activated 
ched^int" brakes". 

Support for this "coUisjon" model was an experiment with c-myc. It was observed that 
cells with over expressed c-myc are more prone to apoptods in the absence of growth factors. To 
5 explain this phenomenon, it was jroposed that the activation of cell cycle checkpdnts by 

withdravnng growth factors collided with the proliferation drive caused by c-myc, which resulted 
in enhanced apoptosis. SimOar apoptotic effects have been observed for other oncossaes and for 
the mv tat protein. 

Cdl cyde checlqrants have been attractive targets for cancer chemotherq)y. The firet 
10 reported approach to taiget checkpoints was to exploit the chemical sensitivity resulting liom the 
loss of checkpoint finictioo. Since ceils airest in G2M after treatment with DNA-damaging 
agents, such as cbemotherapeulic agents and X-rays, the therapeutic approach was devised to 
eliminate the Q2M delay caused by DNA damagmg agents, diereby creating lethal mitosis of 
cancer cells, a propeity first observed with caffeine and its analogs. Several caffeine analogs have 
IS been discovered widi potential fw cancer then^. 

Many disease cooditiQns are affected by the development of pooriy regulated cell cyde 
checkpoint controls and a defwtiveapoptoticiesponse. For example, neoplasias may result, at 
least in part, what cell proliferation dgnals inappropriatdy exceed cell death signals. 
Ftothennore, some DNA viruses sndi as ^pstdn-Barr vine, Aincan swine fever vims and 
20 ad«»ovini8,panisitizethehostcenuhirniachinciytodrivetheirown^^^ 

same time modulate apoptosis to repress ceO death and aUow the taiget ceU to leprodoce the 
virus. Moreover, certain disease ccmditions such as cancer including drag resistant cancer, 
lymidioproliferative conditions, arthritis, inflammation, antnimniiiiv. diseases, 
immunodrfidency diseases, including AIDS, senescMce, neurodegenoative diseases, 
25 ischemia and repa^baon, infertility, wound-heaHng and the like may result ftom a defi^ 

cell cycle checkpoint control and cell death regulation. In such disease conditioos, it would be 
desirable to regulate checkpoint activation and apoptotic mechanisms. 

Since there is an unmet need in regard to checlqpoint and cell cyde regulation, it is 
desirable to idwitify tha^utic agents that do not damage DNA and do not stabilize 
30 microtubules; that modulate checkpoint control and to utilize these agents for the simultaneous 
and transient activation of checkpoints to induce synergistic and selective apoptoas. This 
method can be used as a basis for treatment modalities and the discovoy of new drags for 
advantageously modulating cell cycle progression and checkpoint control in disease conditions 
that involve in^^copriate repression of apoptoas. 

5 
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Summary of the Invention 

The i»^Bsrat invention is based on tiie transient activation of cdl cycle checkpoints. 
More specifically, the present invention discloses methods of selectively modulating the 
S activation of eaily cell cycle checlqxnnts (e.g. Gl and S), which are ccmunonly defixtive in 
cancer cells, ivithout substantial DNA damage and without substantia] microtubule 
stabilization, thereby inducing apc^osis in cancer ceDs without afTecting nonnal cells. The 
activaticmof the early ceU cycle chedqpoints and the induction of sqK)ptosis by these 
compounds appears to be caused by selective upregulation of members of the E2F family of 
10 transcription factors (including but not limited to E2F-1» B2P-2, B2F-3) in cancer cells' vs. 
normal cells. 

In one embodnnent, the psresent invention rdates to a method of treating cancer by 
administering a cell cycle checkpoint activation modulator to a subject in need thereof, 
wherdn the modulator does not damage DNA and preferably does not stabilize microtubules 

15 and is administered in a dosage effective manner to treat cancer in the subject, wherein the 
modulat£MrisnotP-l£pach(Hie. Preferably (he dieclq)oint mortnlated is connnonly defective in 
cancer cells (i.e. Gl, S, G2, M). 

In another embodiment, the present inventicm relates to a method of treating cancer by 
administering a cell cycle checkpoint activation modulator to a subject in need thereof, 

20 wherein the modulator does not damage DNA and preferably does not stabilize microtubules; 
is administered in a dosage effective manner to treat cancer in the subject; and elevates the 
level of a member of ti)e E2F family of transcription factors Onchiding but not limited to B2F- 
1, E2F-2 orE2F-3), wherein the modulator is not P-]q>achone. Preferably the activation of the 
checkpoint is accompanied by an devation ci a member of the EZF family of transcription 

25 factors. 

In another embodiment, the preset invention relates to a method of treating cancor by 
administering a cell cycle checIqxMnt activati<H) modulator to a subject in need thereof, 
wherein the modulator does not damage DNA and preferably does not stabilize microtubules; 
is administered in a dosage effective manner to treat cancer in the subject; and elevates the 
30 level of the transcription factor E2F-1, wherein flie modulator is not P-lapachone. Preferably 
the activation of the checkpoint is accompanied by an elevation of the transcription factor 
EZF-1. 



6 
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The cell cycle checlqxnnt activation modulator can inhibit cellular proliferation or 
induce apoptosis. As used herein, a '*modulatof' is a molecule which stimulates (i.e. induces) 
or inhibits cell cycle checkpoint activation. The cell cycle checkpoint activation modulator 
can be a Gl or S phase checkpoint modulator, or a Gl and S phase checkpoint modulator, a 
5 non-peptide or non-protein and can have a molecular weight of less than S kD. Ln preferred 
embodiments, the cell cycle checkpoint activation modulator can be 3,4-dihydn>-2,2-dim^yl. 
3-(3-methyl-2-butenyl)-2H-naphtho[l,2-b]p^-5,6-dione. 3,4-dihydro-2;2-dimethyl-2H- 
napfatho[l,2-b]thiopyran*S,6-dione or 3,4-dihydiD-4,4-dimethyI-2H-naphtho[l,2-b]thiopyiaD- 
S,6^one. 

10 The subject can be a human and the cell cycle checkpoint activation modulator can be 

administered parenterally, intravenously, orally or topically. In another embodiment, the 
dfective dosage is not cytotoxic to non-cancexous (e.g» normal) cells and does not affect the 
viability of non-cancerous cells. 

The cell cycle checlqpoint activation modulator can be administered in combination 

IS with a chemotherapeutic agent The chemotherapeutic agpnt can be a microtubule taigeting 
drug, a topoisomerase poison drug or a cytidine analogue drug. In prefened anbodiments* the 
chemotherapeutic agent can be Taxol® (paclitaxd), Iovastatin» minosine, tamoxifen, 
gemcitabine, araC, S-fluorouradl (S-FU), methotrexate (MTDQ, docetaxel, vinciistin, 
vinblastin, nocodazole, teniposide, etoposide, adriamydn, qpothiloney navelbine, 

20 camptothecin, daunonibicin, dactinomycin, mitoxantnme, amsacrine, qpirufaicin or idarubidn. 
Jn another embodiment, the present invention relates to a method for treating or 
preventing an apoptosis-assodated disorder by administeiing a ceD cycle checkpdnt 
acti vatim modulator to subject in need theretrf, wherein the modulator <k>es not damage DNA 
and does not stabilize microtubales; and is admjnistered in a therq)euticaUy ^ective amount 

25 to induce apoptosis in the subject, ^erem tiie modulator is not P-kq)achone, thereby treating 
or preventing an qpoptosis-assodated disorder. 

Jn another embodiment, the present invention relates to a method of indiKing qxyptosts 
in a subject by administering a cell cycle checkpoint activation modulator to subject in need 
thereof, wherein the modulator does not dama^ DNA and does not stabilize microtubules; 

30 and is administered in a therapeutically effective amount to induce apoptosis in die subject, 
wherein the modulator is not ^lq)achone, thereby indudng apop^m is die subject 

In another embodiment, the present invention relates to a method of indudng apoptosis 
in a cell by contacting the cell with a cell cycle checkpoint activation modulator, wherdn the 
modnlaton does not damage DNA and does not stabilize microtubules; and is in a dosage 
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effective to indnceiqwptaas in the cdl. wiioein the modulatcir is not p-ljqachone, thereby 
inducing apoptosis in the cdl. 

In another embodiinent, the present mvcntion relates to a method for screenmg for a 
cen cycle checkpoint activation modulator by contacting a cancer cell with a candidate 
5 aMnpound,andmeasuringthedegree(orextent)ofelevationofamemb» 

of transcription fectois fmctading but not limited to EZF-1. E2F-2 or E2F-3). if present, where 
an increase in EZF in the presence of the compound, as compared to the absence of the 
coapaand, indicates ftat the compound is an inducer of apoptoas. 

Li another embodiment, the present invention relates to a method for screening for a 
10 asH cycle checkpoint activation modulator by contacting a cancer cell with a candidatB 

compound, and measuring the degree (or extent) of elevation of the transcription factor EZW, 
if present, where an increase in EZF-1 in the presence of the compound, as compared to the 
absence of the compound, indicates that the compound is an inducer of apoptosis. 

In another embodiment, the present invention rdatestoamethod for screemng fori 

15 cefl cycle checkpoint activation modulator by contaclhig a cell with a candidate coinpoond. 
and measuring the degree (or extent) of apoptosis. if present, where an increase hj apq^ 
the presence of fte compound, as compared to the absence of the compound, hMficales ^ 

conq>ound is an teducer of iq>optods. 

In preferred embodiments, the screening methods identify cdl cycle chedcpoint 
20 activation modulators. In additional preferred embodiments, thepresent invention related 
method of treating cancer by administering a ceD cycle checkpoint activation modulator 
identified by the screening methods, to a subject fai need tinaeof, where the cdl cyde 
diedqwint activation modulator treats the cancCT. 

In another embodiment, the present invention relates to a method for screenmg for a 
25 compound effective for treating cancer by contacting a cancercell with acandidate compouBd. 
and measuring the dcgrws (or eaitent) of devafioo of a member of the E2F femfly of 

transcription fectois 0^ EZF-l,EZF-2orEZP-3).if present, where an mcreaseinEZFmthe 
presence of the compound, as compared to the absence of flie compound, indicates tiiat flie 

compound is an inducer of apoptosis. 
30 In anotiieresnbodiment the present mvention relates to a method for screening for a 

compound effective fortreating cancer by contactingacancer cdl with a candidate compound. 

and measuring the degree (or extent) of devation of the transcription factor E2F-1, if present. 
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where an increase in E2F-1 inthepiesenceof thecon]poiiDd»ascQiiq)aredtotte 
the compound, indicates that the compound is an inducer of qpoptosis. 

In another embodiment* the present invention relates to a method for screening for a 
con^wund effective for treating cancer by contacting a cell with a candidate compound, and 
5 n^asuring the degree (or extent) of apoptosis, if present, where an increase in apoptosis in the 
presence of the compound, as compared to the absence of the compound, indicates that die 
compound is an inducer of apoptosis. 

In preferred embodiments, the screening methods identify compounds effective for 
treatmg cancer. Jn additional preferred embodiments, the present mvention relates to a mrthod 
10 of treating cancer by administering a compound effective for treating cancer identified by the 
saeenmg methods, to a subject in need thereof, where the compound effective for treating 
cancor treats the cancer. 

Other features and advantages of die inv^tion will be qyparent from the following 
detailed description and claims. 

15 

Brief DEScsiFnoN of the Drawings 

Egure 1 is a schematic representation of the cell cycle showing which checlcpoints aie 
affected by P-Lapachone and Taxol® and the effects of ^-L^achone and Taxol® on cancer cell 
survival. 

20 

Hgure 2 shows the differential effects of p-Lapachone on human multiple myeloma QAM) 
cells vs. normal human Peripheral Blood Mononuclear Cells (PBMC). 

Rgnrc 3 is a photograph of a colony formation assay showing the difforential dfects of 
25 fi-Lapachone on human breast cancer cells (KIC3^7) vs. nonnal human breast epithelial cells 
(MCF-lOA). 

Hgure 4 is a photogr^h of an apoptosis assay and corresponding bar graph of an MTT Assay 
showing P-Lapachone induced apoptosis in hinnan colon cananoma cells (DLDl). 

30 
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BgpreSis aplK)tograi*of ahistogramdi«min^ apoptosis in human 

colon carciDoma cdb (DLDl and SW480) as demonstrated by the appearance of a sub^l 
■fiaction. whoeas no apoptosis is seen in nonnal bmnan colon cells a«CM460). 

5 Hgme6 is apholograph of a Western blot showing B-Upachone stress induces cytochrome e 
idease and PARP deavage, both evidence ^optosis. 

Bgutc? is aphotograph of a gpl mobility shift assay showing the binding of nuclear protefas 
fiomP-Lapachone-treatedandnmtieated human colon cardnoma cells (PLDl) and normal 
10 cdon cdls CNCM460). 

Hgme 8 is a photograph of a Western blot showing that E2F-i protdn expression is 
npiegulated by P-Lapachone in human pancreatic cancer cells (Paca-2). 

15 Rguie9 is aphotograph of a Western blot showing that E2F-1 protein and closdyidated 

faimly members E2F-2 and E2F-3 protein expression is uprcgulated by p-Lapad»onc fa> human 
colon cancer cells (SW480) 

Rgure 10 is abar graph showing B-Lapachone hxinced devation <rfE2F-l levels. 

20 

Rgme 11 is aphotograph of a Western blot showing 6-Lapachone induced elevation of BZF-l 
levelsinhuman cdon cancercdls (SW480) andnonnal cdon cells a<CM460). 

Figure 12 is a bar graph showing the cytotoric effects of B-LapadKme in combination with 
25 GL331 in human prostate cancer cells CPC-3). 

Rgnre 13 is abar graph showing the cytotoxic effects of B-Lapachone in combination with 
gpmdtaUne ui human pancreatic cancer cdls (Pacar2). 

30 

Detailed DEScaopnoN OF THE fi^vE^f^oN 

The present invention is based in part on methods for the transient activation of 
chedcpoints. called Activated Chcckpomt Therapy™, or ACT. Briefly, cancer cdls are 

10 
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defective in fhdr checkpoint functions secondaiy to mutations in one of their molecular 
nxxhdators, e.g. pS3. It is in part for this reason that cancer cells have accumulated genetic 
eiTors during the carcinogenic process. Therapeutic agents that transiently activate chedcpoint 
function can selectively promote cell death in cancer cells, since apoptosis appears to be 

S induced by the conflict between the uncontrolled-proliferation drive in cancer cells and the 
checkpoint delays induced artificially. The ACT method takes advantage of the tendency of 
apoptosis to occur at checkpoints during the cell proliferation cycle by transiently activating 
one or more checlqpoints, thereby producing conflicting signals regarding ceU cycle 
progression vs. arrest If more than one checkpoint is acti vated» cancer cells with uncontrolled 

10 proliferation signals and genetic abnormalities are blocked at multiple checkpoints, creating 
'^collisions'* that promote synergistic apoptosis. 

The ACT method offers selectivity against cancer cells as compared to normal cells 
and is therefore safer tiian less selective therapies. Erstly, the ACT method transientiy 
activates but does not disrupt the checkpoints. Activation of checkpoints in the absence of 

15 DNA damage, microtubule stalrilization and oncogene activation simply mimics a 

physiological response and thus does not trigg^ cell death. Secondly, normal cells with well- 
controlled proliferation signals can be delayed al these checkpoints in a regulated fashion, 
resulting in no i^xyptosis-prone collisiohs. Thirdly, normal cells with intact Gl chedqKnnt 
control are ejipected to arrest in G 1 . Cancer cells, on the other band, are expected to be 

20 delayed in S*, G2*, and M-phases, dnce most cancer cdls harbor Gl dieckpoint defects, 
making cancer cells more sensitive to drugs impodng S and M jdiase checkpdnts. 

Cell Cycle Checkpoint AcnvATim Modulators 

Two compounds that are known to modulate checkpoint activation without substantial 

25 DNAdamageareP-DipachoneandTaxol^. More^ 

compounds, including but not limited to: 3,4-dihydn>-2,2Kfim^yl-3K3*in^yl-2-butenyl>2H^ 
na{Atho[l,2-b]pyran-S,6-dic»ie» 3,4-dibydro-2,2-dimethyl-2H-naphtho[l,24>}M 
and 3,4-dihydro-4,4-dunetbyl-2H*naphtho[l,2-b]tiuq>yran-S,6^ and P-Lapachrae modulate 
checkpoint activation without substantial DNA damage and witiiout substantial microtubule 

30 staibilization. Compounds which modulate chedkpoint activation without substantial DNA 
damage and without substantial microtubule staUlization are critical for inducing cell death 
qxyptosis) in cancer cells widiout affecting normal cells. 
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DanmgB to cdMar DMA, can be caused by radiation or by mo^ 
chemotheiapeiitic agents, including but not limited to alkylating agents (e.g. 
cyclophosphamide), platinum analogues and topdsomerase poisons (e.g. the anthracyclines 
and campothecinsX indudesDNA lesions (e.g. strand breaks, cross-linking, alkylation, adduct 
5 faimati<», or stabilization of the topiswneraseflJNA cleavable complec), which can result in 
suspension of progress through theceH cycle while the cell attempts to repair the detected 
damage. Kficiotnbule stabilization can be the prevention of microtubule assembly O-e. by the 
Vinca aDc^ds) or depolymerization (i.e. by the taxanes), possibly through bmfing of 
diemodienpeutic agents to atcs on the tubulin snbunits of tiie microtubule, posably mdudng 
10 metaphase arrest m dividing cells (cyclophosphamide). 

These compounds fimcticm at different dieckpdnts in the cell cycle. While Taxol* 
activates the mitotic checkpoint, p-L^achone,3,4-dihyd«>.2,2-dimethyl-3-(3-xnethyl-2^utenyl)- 
ffl.naphthoIl,2*]pyran-5.6Kfione,3,4-dihydro-2,2KHmethyl-2H.naphtiio[l,^^^ 
dione and 3.4-dihydro-4,4-dimethyl-2H-naphthoIU-blthiopyran-5,6-dione induce Gl plus S- 
15 phase checkpoint delays (Figure 1). Hie combination of p-Lapachone, 3,4-dihydro-2,2-dmiethyl- 
3<3-iiieth)i-2-butenyl)-2H-n^tho[l,2-b]pyran-5.6-dioiJe,3,4-<Khydio-i 
n^tholl,2.b3thiopyran-5,6-dioneor3,4-dihydro-*.4-dimethyl-2frnaphtho[l^^ 
ditmewitiiTaxol* causes simultaneonscencydechedqpomtddays at the Gl/S and G2^ 
transitions, resuWngfa syneigistic apoptotic activity against a wide spectrum of human cancer 
20 cdb»ivan>(Rguiel). Ill the presence of H-apachone. the effective Taxol* concentration 

leAicedbyatleastlOfoId. More hnpoitanUy. tins comWnatirai has been drown to have unusuaDy 
potent activity without toxicity m xotografted human tumors in animal models (U.S. Piiblicatim 
Na US-2002^169135-A1). m ACT method can be utilized siinilaiiy to treat patients with 

midignandes in a variety of tissues. 
25 p.Li^acheDe(3,4^T»ydro-2,2-diroethyk2H-n^tho[l,2-b]pyran-5,6-di^^ 

simple non-water soluUe ortiwnivflioqninone, was first isolated in 1882 by Patemo ftom ti» 
heartwood of thelapacbo tree {See Hooker, SC, (1936) /. Anu Chem. S6c 58:1181-1190; 
Goocalves de lima, O^etO., (1962) Rev. Inst. Antibiot. Univ. Recife. 4:3-17). The structure of 
p-Lspadwne was established by HookCT in l896anditwasfirstsyntheazedbyKeserin 1927 
30 (HD0lB!r,SC (1936)7. An. Oem. Soc 58:1181-1190). p-Lapachone can be obtained by 
simple sulfuric add tieatmoat of the naturally occurring lapachol, which is readily isolated 
from Tabebuia aveUenedae growing mainly in Brazil, ot is eaaly synfliesized ftom seeds of 
lomatiagrowingin Australia (U, a, at, (1993)/. Bfol Chem. 268:22463-33464). 
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p-Lapachone has been shown to have a variety of i*annacological effects. "The 
present invcntois have demonstrated that p-Lapachonc hihibits viral replication and gene 
expression directed by the long teninnal repeat (LTR) of the human immunodeficiency vims 
type I (U. CJ at, (1993) Proc NatL Acad. ScL USA 90:1839-1842). P-Lapachone was 

5 investigated as a novel and potent DNA rqwir inhibitor that sensitizes cells to ionizing 
radiation andDNA damaging agents (Boorstem, RJ et aU (1984) Biochem BiopJtys. Res, 
Comnam. 118:828-834;Boothman, eToL, (1989) Cancer Rcj. 49:605-612). TTieprcsent 
inventois have repeated that P-Lapadione and its derivatives inhibit eukaryotic tcqxnsomerase 
I tfiiou^ a different mechanism than does camptothedn, which may be mediated by a direct 

10 interaction of p-Lapachone with topoisomerase I rather than stabilization of the cleavable 
complex QA^CJet al,, (1999) J. BioL Chenu 268:22463-22468). The present inventors and 
othcis have reported that p-L^a*one induces cell death in human prostate cancer cells {See 
U. CJ cr a/L, I (1995) Cancer Res. 55:3712-3715). Furthermore, the present inventors found 
that P-Lapachone induces necrosis in human breast cancer cells, and apoptosis in ovary, colon, 

15 and pancreatic cancer cells through induction of caspase (Li, YZ er at, (1999) Molecular 
Medicine 5:232-239). Methods for formulating ^-Lapachone or its derivatives ot analogs can 
be accompBshed as described in U.S. Patent No. 6,458,974 and U.S. Publication No. US- 
2003-0091639-AL 

20 MeraODS OF MODULATING OBECKPOINT ACTIVATION AND TREATING CANCER 

A variety of methods are currently avaDable for inducing cell death in cancer cells. 
However, they all suffer the problem of selectivity as they affect cancer cells and normal cells 
equally. The present invention is directed to a method to selectively modulate (i.e. stimulate 
or inhibit) checkpoint activation and promote apoptosis in cancer cells. In one aspect, 

25 stimulation of unscheduled expression of a checkpoint molecule, eg. E2F, via a non-DNA 
damaging, non-microtubule stabilizing molecule selectively triggers cell death in cells with 
defective checkpoints, a halhnaric of cancer and pre-cancw cells. As used herein, TEZP^ is Ae 
E2F transcription factor family Cnicluding but not limited to EOF-l, EZF-2, EZF-3). The 
claimed method does not induce cell death m normal cells with their intact checlqwmt control 

30 Several compounds, including but not limited to: 3,4-dihydn>-2,2-dimeth3^-3-(3- 

roethyl>2.butenyl)-2H-naphtho[l>b]pyran.5,6^one, 3,4-dihydro-2,2-dimethy^2H. 
naphtho[l>b]thiopyran-5,6-dione and 3,4-dihydro-4.4-dimethyl-2H-naphtho[l> 
b]thiopyran-5,6-<fione and p-Lapachone, induce unsdieduled expression of dieckpoint 
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molecules, e.g. E2F, independent of substantial DNA damagp, mcrotubule stabilization and 
cell cycle stages. In nonnal cells with their intact regulatory mechanisms, such an imposed 
expression of a chedqpoint molecule results in a transient expression pattern and causes no 
substantial consequence. In contrast, cancer and pre-cancer cells have defective mechanisms, 
S which lesult in unchecked and persistent expression of unscheduled checkpoint molecules, e.g. 
E2F, leading to selective cell death in cancer and pre-cancer cells. 

In one embodiment, the present invention relates to a method of treating cancer by 
administering a ceU cycle checkpoint activation modulator to a subject in need thereof, 
wherein the modulator does not damage DNA and preferably does not stabilize microtubules; 
10 is administered in a dosage effective manner to treat cancer in the subject, whoein the 

modulator is not p-lapachone. Preferably the checl^nt modulated is commonly defective in 
cancer ceUs (i.e. Gl, S, G2,M). 

In another embodiment* the presoit invention rdates to a mediod of treating cancer by 
administering a cell cycle checkpoint activation modulator to a subject in need thereof, 
15 wheidn the modulator does not damage DNA and preferably does not stabilize microtubules; 
is administered in a dosage effective manner to treat cancer in the subject; and elevates G.e. 
induces) the level of a member of Ae E2F £unily of transoiption f actm (including but not' 
limited to E2P-l,B2F-2 or EZI^3), wherein the modntator 18 not P-I^^ Pkeferablytiie 
activation of the checkpoint is accompanied by an devation of a member of Ae E2F family of 
20 transcription factors. 

In another embodiment, the pres^ invention relates to a method of treating cancer by 
administering a cell cycle cbeclqxnnt activation modulator to a subject in need thereof » 
wher^ the modulaton does not damage DNA and pr^rably does not stabili2e microtubules; 
is administered in a dosage effective manner to treat cancer in tte subject; and elevates (i.e. 
25 induces) the level of the transcription factor E2F-1, wherein die modulator is not p-lapacbone. 
Preferably the activation of the diedqpcint is accon^anied by an elevaiion the transcription 
factor E2F-L 

The stimulation of unscheduled expression of checkpoint molecules can be achieved 
via goietic methods, protein or peptides, and small molecules ttat can be utilized fot the 
30 treatment and prevention of various cancers and cdl proliferative disorders. As used hoein, 
^cell proliferative clisorder^ refers to conditions in which the unregulated and/or abnormal'' 
growth of cells can lead to the development of an unwanted condition or disease, which can be 
cancerous or non-cancerous. 

14 
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In additional embodimeDts, tHe cell cycle chec]q)oint activation modulator used to treat 
cancer can inhibit cellular proliferation or induce apoptosisrHie cell cycle checkpoint 
activation modulatc^r can be a Gl or S phase checkpoint modulator, or a Gl and S phase 
checkpoint modulator. In another embodiment, the cell cycle checkpoint activation modulator 
5 can be a G2 checkpoint modulator. The cell cycle checkpoint activation modulator can be a 
non-peptide or non-protdn and preferably can have a molecular weight of less than 5 kD. 

In a preferred embodiment, the present invention relates to a method of treating or 
preventing cancer by administering a cell cycle checkpoint activation modulator to a subject in 
need thereof, where administration of the cell cycle checkpoint activation modulator results in 

10 one or mine of the following: accumulation of cells in Gl and/or S phase of the cell cycle* 
cytotoxicity via qpoptosis in cancer cells but not in normal ceUs, antitumor activity in animals 
with a therapeutic index of at least 2, and modulation of cell cycle checkpoint activation 0.e. 
elevation of a member of the E2F family of transcription factors). As used herein, 
^therapeutic index** is the maximum tolerated dose divided by the efBcacious dose. 

IS In more preferred embodiments, the cell cycle checkpoint activation modulator can be 

3,4^hydro-2,2-dimethyl-3-(3>mediyl-2-butenyl>2HHAaphtho[l,^ 3,4- 
^bydro-2,2-dimethy]-2H-n^htho[l,2-4>]thi(q>yran-5,6-^ or 3,4-dihydro-4,4-dimetby]-2H- 
naphtho[l,24>]thiopyran-5,6-dione. 

Jn additional embodimrats, the subject can be any mammal, e.g., a hmnan, a primate, 

20 mouse, rat, dog, cat, cow, horse, {rig. In another embodiment, the subject can be any non- 
mammal, e.;., a reptile, bird. In various embodiments, the subject is susceptible to cancer, cell 
proliferative disoider, an autoimmune disorder or disorder of the like. The ceUl cycle 
dieckposnt activation modulatcx' can be administered parentoally, introvenoasly, ocally or 
topically. In preferred embedments, die effective dosage is not cytotoxic to ncm-cancerous 

25 Qj^ normal) cells and does not affect the viability of non-cancerous ceOs. 

In additional embodiments, the cell cyde checlqpoint activatim modulator can be 
admiinsteied in combination with a chemotherq)eutic agent The chjsmotherapeotic agent can 
be a microtubule targeting drug, a topoisomerase poison drug or a cytidfine analogue drug. Jn 
preferred embodiments, the chemotherapeutic agent can be Taxol® Q>aclitaxe]), lovastatin, 

30 minosine, tamoxifen, gemdtabine, araC, 5-fluorouracil (S-FU), methotrexate (MT?Q, 

* docetaxel, vincristin, vinblastin, nocodazole, teniposide, etc^)oside, adriamydn, epothilone, 
navelbine, camptotiiecin, daunonibidn, dactinomydn, mitoxantrone, amsacrine, qarobidn or 
idanibicin. 

15 
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In another enobodiment, the jxresent invention relates to a method of treating cancer by 
administering a compound to a subject in need thereof, wherein the compound: is administered 
in a dosage effective manner to treat cancer in the subject; and elevates (i.e. induces) the level 
of a member of the E2F family of transcription factors (including but not limited to E2F-1, 

5 E2F-2 or E2F-3X wherein the compound is not P-lapachone. Preferably the compound is 
administered in combination with a chemotherapeutic agent 

The ch^otherapeutic agent can be a microtubule targeting drug, a tq)oisomera5e 
poison drug or a cytidine analogue drug. In preferred embodiments, the chemotherapeutic 
agent can be Taxol® (paclitaxel), lovastatin, minosine, tamoxifen, gemdtabine, araC, 5- 

10 fluoiouracil (5-FU), methotrexate (MTX). docetaxel, vincristin, vinblastin, nocodazole, 
teniposide, etoposide, adriamydn, epothilone, navelbine, camptothedn, daunonibicin, 
dactinomydn, mitoxantrone, amsacrine, epinibidn or idarubidn. 

Methods of Modulating Checkpoint AcnvATicm and Inducing Apoptosis 

15 Also mchided in flic invention are methods of modulating cell cycle dieclcpoint 

activation, inducing apoptods and treating or preventing an apqytods-assodated disorder. In 
one embodiment, the present inventjon relates to a method for treating or preventing an 
^K>ptod8^assodated disorder by administering a cell cycle checkpoint activation modulator to 
subject in need Aereof, wherein the modulator does not damagie DNA and preferably does not 

20 stabilize microtubules; and is administered in a therapeutically effective amount to induce 
apoptods in the subject, wherem the modulator is not f^apdcbone, thereby treating or 
preventing an apoptosis-assodated disorder. 

In anoth^ embodiment, the present inventicm relates to a method of indudng ^optosis 
in a subject by administering a cell cycle checkpoint activation modulator to subject in need 

25 thereof, whoein the modulator, does not damage DNA and preferably does not stabilize 

microtubules; and is administered in a therapeutically effective amount to induce s^)optods in 
the subject, wberdn the modulator is not ^-lapachone, thereby indudng apoptosis in the 
subject 

Jn another embodiment, the present invention relates to a method of indudng apoptods 
30 in a cell by contacting the cell with a cell cycle checkpoint activation modulator, wherein the 
modulator does not damage DNA and preferably does not stabilize microtubules; and is in a 
dosage effective to induce apoptods in the cell, wherdn the modulator is not P-lapachone, 
thmby inducing apoptosis in the celL TTie cell population that is exposed to, Le,^ contacted 
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with, a cell cycle dieckpcrint acdvatioii modulator can be any number of cells, Le.^ one or more 
cells, and can be provided cri vi^« ihvfwa, or ex vf^ The cell population can be eukaryodc 
or prokaryodc cells. 

In additional embodimaits, cell cycle checkpoint activadon modulator can be a Gl or 

S S phase checlq)oint modulator, or a Gl and S phase checlqpoint modulator. Li another 
embodiment, the cell cycle checkpoint activation modulator can be a G2 phase checkpoint 
modulator. The cell cycle checkpoint activation modulator can be a non-peptide or non- 
protein and pieferably can have a molecular weight of less than 5 kD. 

In a prefened embodiment, the iHesent invention relates to a method of treating or 

10 preventing an apoptosis-associated disorder or a method of inducing apoptosis by 

administering a cell cycle checkpoint activaticm modulator to a subject in need tiiereof or by 
contacting a cell with a ceU cycle checkpoint activation modulator, where 
administration/contact of the cell cycle checkpoint activation modulator results m one or more 
of the following: accumulation of cells m Gl and/or S phase of the cell cycle, cytotoxicity via 

15 q)optosis in cancer cells but not in normal cells, antitumor activity in animals with a 

therapeutic index of at least 2, and modulation of cell cycle checkpoint activation (including 
but not limited to the elevation of a member of the E2F family of transcription factors). 

In more preferred embodiments, the cell cycle checkpoint activation modulatcH* can be 
3,4-dihydro-2,2-4imethyl-3-(3-metfiyl-2-butenyi)-2H-na^ ,2-b]pyran-5,6-dione, 3,4- 

20 dihydro-2,2-dimethyl-2H-naphtho[l,2-b]thiopyran-5,6-dione or 3,4-dihydnHl,4-<fimeth^-2H- 
naphtho[l,2-b]thiopyran-5,6-dione. 

hi additional enibodiments, the subject can be any mammal, e.g., a human, a primate, 
mouse, lat, dog, cat, cow, horse» pig. In another emboifimeDt, the subject can be any non- 
mammal, e.;., a rqrtile, bird. Id various enibodiments, the sidgect is susceptible to canc» 

25 proliferative dsorder, an aotoimnmnedisorto or £ 

checkpoint activaticm modulator can be admunslBied parenteially, Intmvmously, orally or 
topicaDy. In pief ored embodimeals, the effective dosage is not cytotoxic to non-canceious 
(i.e. noimal) cells and does not affect die viability of non-cancerous cdls. 

&i additional embodiments, die cell cycle diedqxnnt activation modulator can be 

30 administered in combination widi a diemotiierapeutic agent The diemodiera^tic agent can 

be a microtubule tar^tingdrog, a topoiscmierase poison drag or a cytidineanal(^^ Jn 

prdened embodiments, the diemotherq^eutic a^t can be Taxol^ ^aclitaxel), lovastatin, 

minosine, tamoxifen, gemdtabine, araC, 5-flttorouradl (5-FU), mediotrexate (NfTX), 

docetaxel, vincristin, vinblastin, nocodazole, teniposide, etoposide, adriamydn, epodulone, 
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navdhme, camptothedn, damwoibidn, dactinoinycin, nritoxantome, amsacnne, epiniWdn or 
idanflacin. 

In another embodiinent, the present inventioo relates to a method of treating or 
preventing an apoptods-associated disorder or inducing apoptoas by administeraiga 

5 compound to a subject in need thereof, wherein the compouni is administered in a dosagp 
effective manner to treat or prevent an apoptosis-assodated disorder or induce appptosis in the 
subjecu and elevates (i.e. induces) the level of a member of the E2F family of transcription 
factois Cmcludingbut not limited to E2F-1, E2F-2 orEZP.3), whetdn the compound is not P- 
lapachone. Preferably the compound is admmistered in combinatioo with a cheniotberapeutic 

10 agent 

Some disease conditions are idated to the devdopment of a defMthw dowiMegnlatioo 
of apoptods in the affected cells. For example, neoplaaas result, at least in part, fiwn an 
apoptosis-redstant state m which ceH proliferation signals inappropriately exceed cdl death 
signals. Fuithemion^ some DNA viruses such as Epstdn-Ban- virus, Afincan swine 

15 virusandadenovirus,parasitizethelK)stcenularmachine<ytodrivethdrowBre^ 
the same time, they nwdulate apoptosis to repress cdl death and allow 1^ 
i^ioduce the virus. Moreover, ceitmn disease condStionssndi as cancorinctodhig drag 
resistant cancer, cdl pioHferatioa dsnders. lymfdiqpsoliferative conditiais, arthritis, 
inflammation, autohnmune diseases and the like may result ftom a down regulation trf ceU 

20 deatbi^ation. fcsudKfiseaseamditiOTS, it would be dearable to induce djec*point 
activation and pKWMJte qK^>totic rnedianians as described aigww. 

MBraOMTORSC8EENlNGFORCfelxC¥CI*CHBCBPOOT 

The inventi<» proWdes a (dso refened to herein as a •sCTeenmg ass^ for 
25 identifying cdl cydediedqpoint activation nK)diilatoi8,ie,ca^ 

agents (&g.. smaB molecules, large molecules, peptides, peptidomimetics or other drugs). 

la one embodnnent, die present invoition relates to a mefliod for screenmg for a cdl 
cycle chedqxHnt activatirai moddator by cwitacting a cancer ceD with a candidate conqwund, 
and measuring the degree (or extent) of elevation of a member of the E2F family of 
30 transcription fectore Cmduding but not limited to E2F-1,E2F.2 or EZF-3), if present, where an 
increase in E2F m the presoice of the compound, as compared to the absence of Ae 
compound, hMficates fltat die confound is an inducer of ^Kjptosis. 
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In-another embodiinent, the present invention relates to anmhod for screening for a 
cell cycle checkpoint activation modulator by contacting a cancer cell ynOi a candidate 
compound, and measuring the degree (or extent) of elevation of the transcription fiictor E2F-1» 
if present, where an increase in E2F-1 in the presence of the compound, as compared to the 

5 absence of the compound, indicates that the compound is an inducer of apoptosis. 

In another embodiment, the present invention relates to a method for screening for a 
cell cycle checlqwini activation modulator by contacting a cell with a candidate compound, 
and measuring the degree (or extent) of apoptosis, if present, where an increase in apoptosis in 
the presence of the compound, as compared to the absence of the compound, indicates that the 

10 compound is an inducer of apc^tosis. 

In preferred embodiments, the present invention also includes cell cycle diedcposnt 
activation modulators (i.e. molecules, compounds, compositions) identified in the screening 
assays described herein. In additional prefeired embodiments, the present invention relates to 
a method of treating cancer, method of treating or preventing an apoptosis-associated disorder 
15 or inducing apoptosis by admimstering a cell cycle checkpoint activation modulator identified 
by the screening methods, to a subject in need thereof, where the cell cycle checkpoint 
activation modulator treats the cancer, treats or prevents the ^xyptosis-associated disonte* or 
induces apoptosis. 

Ill another embodment, the present invention relates to a method for screening for a 
20 compound effective for treating cancer by contacting a canco* cdl with a candidate compound, 
and measuring the degree (or extent) of elevation of a monber of the E2F fsasniy of 
transcription factors (i.e. EZF-l, E2F-2 or B2F-3), if preset, where an increase in B2P in the 
presence of the compound, as omipared to the absence rf the compound, indicates ttat the 
compound is an inducer of apoptosis* 
25 In another embodimait, the present invention relates to a method for screening for a 

compound df ecti ve for treating cancer by contacting a cancer cell with a candidate coiqNnind, 
and measuring fte degree (or extrat) of elevation of the transcription factor E2P-1, if present, 
whm an mcrease in E2P-1 in the presence of the compound, as conq>ared to the ab 
the compound, indicates that the compound is an inducer of apoptosis. 
30 la anothwembodin^l, the present invention relates to amethod for screening for a 

compound effective for treating cancer by contacting a cell wi A a candidate compound, and 
measuring the degree (or extent) of apoptoas, if present, where an increase in ^)optosis in the 
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p„5sem«offl«compoand.ascon»paiedtotheab^ 
ccmipoond is an inducer of apc^itotis. 

In prefened embodiinents. the present ii^^ 
tteatingcancer(i.e.niole«»les, compounds, composit^^ 

5 descnTx«lheidiulhadditiondprefeiiedenife^ 

method of trcatogcancerbyadnnnisteringacompo«ndef&^ 
byftescreenhigmelhods.toa8alqectinneedthe«eotwb««t^ 

treating cancer treat the cancer. 

Theccnpopoladon that iscxposed to. ti^. contacted vdth.acandidate or test 

10 compoand8r..e.acencycIecheckp«ntactivationp>odulaU«)canbe»^ 

oneormo«cdls.andcanteprovided&.vam.&.vf«,.orex^^ 

eokatyodc or prdcBiyotic cdls. 

Inapiefenedembodiinent. the present invention relates toacan*^ 

compounds which is identified as a cell cycle checkpoint activation modulator by the 

15 scteeningassaysdescribedhetein,^here«3nrinisteringacencyck 

modulator toasulqectmneed thereof orbycontactingacellvdthacenc^^^^^ 
activation modulator results in one or more of the fono>«ng: accumulation of ceflsmOl 
and/orSphase of the cen cycle, cytotoxidty via apoptosis in cancer cdlshutnotmnoni^ 
cells antitumoractivityinanimalswithathe«peuticinde.ofatleast2.andmodul^ 

20 cenU«*ecIcpointactivationC.^eIevatio«ofamember«rftheE2FMy«ftn^ 

^'^'^banotherembodhnent.theceD cycle checkpohitac^^ 

the screening assays descn1)edheieiBcan be3,4^ydro.2.2Hlimefliyl-3^?-ine^ 

butenyl)-2H.naphtholl.2*lpyn»-5.6^one.3.«ih^ 

25 b]thiopyn«.5.6^oneor3.4^yd«M.4HBmea.yl-2H-na0^ 

In another embodiment, thepiesert invention idatestoamelhodforscieei^ 

cencydechedqwint activation modulator that binds tocencycleregolatoiypro^^ 

„«ri«50f theE2Ftnmscripfion factor family, or have a modulating (stimulatory or 

hMiitory) effect on ti.e activity of these protean, ched^^ 

30 apcqitods. 

manoflier embodiment, represent invention providesascreeningassay for detecting 
anfi^ agents. In a prefened embodiment, an EZP promoter-reporter construct can be 
„sedtoscreenf6rantiM:ancerdnigs. In anoti«r embodiment, the present invention provides a 
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method for the development of novel selective dnigs fen* the treatment and prevention of 
cancers and ceU proliferative disorders. 

In another embodiment, the invention provides assays for screening candidate or test 
compomids, which bind to or modulate the activity of cell cycle regulatory proteins or 
S polypeptide or biologically-active portions thereof. 

Hie test compounds of the invention can be obtained using any of the numerous 
approaches or methods known in the aiL In a preferred embodiment, the test compounds of 
the invention can be obtained using any of the numerous q)proaches in combinatorial library 
methods known in the ait, including: biological libraries; spatially addressable parallel solid 

10 phase or solution phase libraries; synthetic library methods requiring deconvolution; the 
''one-bead one-compound^ library m^od; and synthetic library methods using aftinity 
chromatogrq>hy selection. The biological library approach is limited to peptide libraries, 
while the other four approaches are applicable to peptide, non-peptide oligomer or small 
molecule Mbraries of compounds. See, e.g„ Lam, (1997) Anticancer Drug Design 12: 145. 

IS A "small molecule" as used berdn, is meant to refer to a compound that has a 

molecular wdght of less than about 5 kD, more pr^erably less than about 2 kD and most 
preferably less than about 1 kD. Small molecules can be, e.g., nucleic adds, peptides, 
polyp^tides, peptidomimetics, carbohydrates, lipids or other organic or inorganic molecules. 
A "large molecule" as used herein, is meant to refer to a ccnnposition that has a molecular 

20 weight of greater tiian about 5 kD. Large molecules can be, e.;., nucleic acids, peptides, 
polypeptides, peptidomimetics, carbohydrates, b'pids or otiier organic or inorganic molecules. 
Libraries of chemical and/or biological mixtures, such as fungal, bacterial, or algal extracts, 
are known in Oie art and can be screened with any of the assays of the invention. 

Exaniples of m^hods for tiie synthesis of molecular libraries can be found in die ait, 

25 for example in: DeWtt, et at., 1993. Proc NaO. Acad. ScL USA. 90: 6909; Eft, et al., 1994. 
Proc. Natl Acad. ScL USA. 91: 11422; aickermann, et al., 1994. /. Med. Chem. 37: 2678; 
Cho, et al., 1993. Science 261: 1303; Canell, et al., 1994. Angew. Chem. InL Ed Engl 33: 
2059; CareU, et al., 1994. Angew. Chem. InL Ed Engl 33: 2061; and Gallop, et al.. 1994. 7. 
Afei CAem. 37: 1233. 

30 Libraries of compounds may be pres^ted in solution (e.g., Houghten, 1992. 

Biotechniques 13: 412-421), or on beads (Lam, 1991. Nature 354: 82-84), on chips (Fodor, 
1993. Nature 364: 555-556), bacteria (Ladner, U.S. Patent No. 5,223,409), spwes (Ladner, 
U.S. Patent 5,233,409), plasmids (CuO, et al,, 1992. Proc. Natl Acad ScL USA 89: 
1865-1869) or on phage (Scott and Smitti, 1990. Science 249: 386-390; Devlin, 1990. Science 
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249: 404^; CwiHa, «» ar. 1990. JV«:: JVoA iW Set ttiA^ 
7. MoL Biol 222: 301-310; Ladner, U.S. PatentNo. 5^33,409.)- 

In another embodiinent. an assay is a ceD-based assay in which a cdl eicpresses a ceU 
cycleiegnlatoryi»otein.orabiologicall3Hictivep<Hti(mA^^^ 
5 atestcompoundandtheaKlityofthetestconipoundtobnidtoac^^ 

isdetennined. The cdl, for example, can be of mammalian origin. e.g., human, or a yeast ceD. 
DetermininglheabiHtyofthe test compound tobind to thecd^ 

accompBshcd. for example, by coupBng the test compound vathanididsotope or enzy^^^ 
label such that binding of the test compound to the cefl cycle regulatory protein or 

10 Wologicany-actiYeportionthereofcanbedetemiinedbydetectingtbeliAdedcon^ 

complex. F6rexanq»le,testcompoundscanbehd»led^vith'»I,''S,'*C.or^dtherdirectly 
OTindirectly. and the radioisotope detected by direct counting of radiocnussion or by 
sdntiDation counting. Ahematively. test compounds can be enzymaticaDyiibded with, fbr 
example, horseradish peroxidase, alkaline phosphatase, or lodfiwand^ 

15 detectedbydeterarinationofconvenaonofanappiopriatesubstiatetDpioducL Inooe 
endxxKment. the assay comprises contactingacdlwWdiexpie^ 
piotdn.orabiologically:activeportionthcarcof.withalmown compound whid»^ 

qpde regulatory protdn to foim an assay mixture, contactingthe^^ 
c(OTpound. and deteraanhig the jWKty of the test compound to interact 
20 regplatoryprotdn.whcrdndeteiminingthed)ilityofthetcstcompo^ 

cyde regulatory protdn comprises dctcmrining the ahffity of the test coinpou^ 
pnrferentiaDy bind to cdl cycle legulaioiypiotdnorabiologicdly-acti^^ 

cwiqjared to flje known conn)Oun± 

In another embodiment, an assay is a cdl-based assay comprising contacting a cell 

25 expiessingacdlcycleregdatoryprotdn,orabiologlcany-active 

compound and determining the ability of the test compound to modulate {e.g. , stimulate or 
inhibit) the activity of the ceB cycle regulatory protdn or Wologicdly-active portion tiiereof . 
Deteiminingthe ability of die test compound to modulate flje activity of tiie cdl cycle 
""regulatory protdn or a biologically-active portion tiieieof can be accomplished, for example. 
30 bydeteiminingtheability of thecdl cycle regulatory protdn to bind to or interact with a cdl 
cycle regulatory target molecule. As used herdn. a "target molecule" is a molecule vwth 
which a cell cycle regulatory protdn binds or interacts in nature, for exampte. a molecule on 
the surface of a ceD which expresses a mitochondrial molecule, a cytoplasmic molecule, or a 

nuclear molecule, a cdl cycle regulatory faiteracting protdn. a molecule on the smfece rfa 

on 
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second cell, a molecule in the extracellular mflieu, or a molecule associated with the internal 
surface of a cell membrane. A cell cycle regulatory target molecule can be a noo-cell cycle 
regulatory molecule or a cell cycle regulatory protein or polypeptide or a laige molecule or 
small molecule of the invention. In one embodiment, a cell cycle regulatory target molecule is 
S a component of a cell cycle pathway that facilitates cellular proliferation as the result of 
intracellular or extracellular signals. The target, for example, can be a second cell cycle 
protein that has regulatory activity or a protein that facilitates the progression of the cdl cycle. 

Determining the ability of the cell cycle regulatory piotdn to bind to or interact with a 
cell cycle regulatory target molecule can be accomplished by one of the methods described 

10 above for determining direct binding. In one embodiment, determining the ability of the cell 
cycle regulatory protein to bind to or interact with a cell cycle regulatory target molecule can 
be accomplished by determining the activity of the target molecule. For example, the activity 
of the target molecule can be determined by detecting the induction or prevention of q)opt08is, 
detecting induction of a cellular second messenger of the target (jLe, intracellular Ca^, 

15 diacylglycerol, IP3, ere), detecting catalytic/enzymatic activity of the target using an 
appropriate substrate, detecting the induction of a reporter gene (comprising a cell cycle 
regulatory protein-responsive regulatory element operati vely linked to a nucleic add encoding 
a detectable marker, e.g., hidferase), or detecting a cellular response, for example, ceD 
survival, cellular differentiation* (»* cell proliferation. 

20 In anodier embodiment, an assay of the inventicm is a cell-fiee assay comprising 

contacting a cell cycle regulatory protdn or hiologically-active portion thereof with a test 
compound and determining the ability of the test compound to bind to the cell cycle regulatory 
protein or biologically-active pardon thereof. Bindmg of the test conqxyund to fte cell cycle 
regulatory protein can be determined dtberdirecdy or indirectly as described above. In one 

25 such embodiment, the assay courses contacdng the cell cycle regqlatory protdn or 
biologically-acdve portion thereof with a known compound which binds the cell cycle 
regulatory protdn to form an assay mixture, contacdng the assay mixture with a test 
compound, and determining the ability of die test compound to interact with a ceD cycle 
regulatory protem, wherein detennming the ability of the test compound to interact widi a odl 

30 cycle regulatory protein comprises determining the ability of the test conqx>und to 

preferentially bind to a ceU cycle regulatory protein or biologically-active portion dieieof as 
compared to the known ccnnpound. 

In another embodiment, an assay is a cell-free assay comprising contacdng ceU cycle 
regulatory protdn or biologically-acdve portion thereof with a test compound and determining 
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the aMity of fte test omipoond to modulate 

cycle n^latorypiotein or WologicaIl3^a£«ivepoitiont^ Detcnnining the ability of the 
test compoiuid to modulate the activity of acdl cycle regqlatoiyprotdncan^ 
for example, by dcteimiiiingtheabiKty of the cdl cycle regulatory piotem 

; cyclenjgulalorytargptmdeculebyoiieofthemethodsdesciibedabovefordeteM 
binding. Ihanalteniativeembodiment,detaiiiiiBngtheabnityofth^ 
nwdulate lhe activity of cdl cycle regulatory protein can be accomplished by determining the 
ability of thecen cycleregulatory protein further modulate a cell cycle regulatory target 
molecule. Fbr example, the catalytic/enzymatic activity of the target molecule on an 

D appropriate substrate can be determined as described. «ipni. 

^another embodiment, the cell-free assay compiises contacting the cell cyde 
regulatory protein or biologically-active portion thereof withakno>vnc^ 
cen cycle regulatory protein to form an assay mixture, contacthigthe assay mixtm^ 

compound, and determining the ability of the test compound to interact vrith acdlcyde 
15 regrfatorypn>tein,whereindetenniningtheal«Utyofthetestcomponndtofaten«^A 
cycle regulatory protein comprises determining the aWBty of the «dl cycle legj^ 
to prefercntiaDy bind to or modidateflie activity ofaceUcyck regulatory target 
In more flum one en*odiinent of the sibove assay methods of the invention, 

desirable to immc*ilizedtbercen cycle regulatory pio^ 
20 separationofcomplexedtomK»mplexedf«Min8ofoneorbothofthepro^ 

accommodateautonalionoflhe assay. Binding of a test compound tea cefl cyde regulatory 
protein, orinteraction of cdl cyde regulatofy protein ^ftatarget molecule in tte 
and absence of acandidatecompomMi, can be accomplishedfa any vessd suitable for 
ccffltahiingthereactants. Examples of sndi vessels indude microliter plates, test tubes, and 
25 aBcio^ttiftogptnbe8.toonembodimeHt,afusionproteincaDbepiovi^ 

domain thataDowsoneorbodioftheproteinstobeboundtoamatrix. For example. GST- 
cdl cyde nsgdatoryfbdon proteins or GST-terget fusion proteins can be adsorbed ra^ 
glutatMonesepharosebeads^igmaChemical, St l^s,MO)or glutathione dedvatiz^ 
nricrotiterplates, that are then combined with the test compound or the test compound and 
30 dtherthenoiMdsorbedtargptprotcinorccUcycleregdataryprotd^ 

. incubated under conditions condudve to complex fomialion {eg., at physiological conditions 
for salt and pH). Following incubation, the beads or microtiter plate wells are washedto 

remove any unbound components, the matrix immobilized in the case of beads, complex 
det«minedeitherdircctlyorindirecUy.forexample.asdescribed.«9»ra. Altemativdy. die 
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complexes can be dissodated fixmi the matrix, and Ae level of cell cydeiegolatOTy protdn 
InndSng or activity detemuned uang standard techniques. 

Other tedmiqnes fot immolnlizing proteins on matrices can also be used in the 
screening assays of the invention. For example, either the cell cycle regulatory protein or its 

5 target ntolecnle can be immobilized utilizing conjugation of biotin and stieptavidui. 
Biotinylated cell cycle regulatory protein or target molecules can be prepared from 
biotin-NHS (N-hydroxy-sucdnimide) using techniques well-known within the art {eg,, 
biotinylation kit. Pierce Chemicals, Rockford, 111.), and immobilized in the wells of 
streptavidin-coated 96 weU plates (Pierce Chemical). Alternatively, antibodies reactive with 

10 cell cycle regulatory protein or target molecules, but which do not interfere with binding of the 
cdl cycle regulatoiy pmtdn to its target molecule, can be d^vatized to the weUs 
and unbound targict or cell cycle regulatory protdn trqiped in the wells by antibody 
conjugation. Methods for detecting such cpmplraies, in addition to those described above for 
die GST-immoUUzed complexes, include immunodetection of complexes u^g antibodies 

IS reactive with the ceD cycle regulatory protein or target molecule, as well as enzyme-linked 
assays diat rely on detecting an enzymatic activity associated witii the cell cycle regulatory 
protein or target molecule. 

In anotiier embodiment, modulators of ceO cycle regulatory protein expression are 
identified in a method wherein a cell is contacted with a candidate compoimd and the 

20 expression of odl cycle regulatory mRNA or protein in the ceU is dete^ Thelevelof 
expressira of cell cycle regulatory niRNA or protem in the presence of the candidate 
compound is compared to the level of expression of cell cycle regulatory miRNA or protdn in 
the absraice of die candidate compound. The candidate compound can thai be identified as a 
modulator of cell cycle regulatory mRNA or protein expression based upon this comparison. 

2S For exanqple, when expiessim of cell cyde regulatory mRNA or protdn is greater {ie., 
statistically significanfly greater) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as a stimulator of cell cycle regulatory miRNA 
or protdn expression. Alternatively, when expression of cell cycle regulatory mRNA or 
protdn is less (statistically significantly less) in die presence of the candidate compound than 

30 in its absence, the candidate compound is identified as an inhibitor of cell cycle regulatory 
mRNA or protdn expression. The level of cdl cycle regulatory mRNA or protein expression 
in the cells can be determined by methods described herein for detecting cdl cycle regulatory 
mRNA or protdn. 
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I„pnrftenedeoibo«in^ihecdlcycteiegidaw 
f»ilyrftn«scripti<«facto«andfl«identifiedcoa¥^ 

activation modulator. 
PHAKMACEimCAL CoMPOsarnoNS 

descnbedheiehi. , ^ 
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cell cycle dieckpoiiit activadon elevaticm of a member of tbe E2F famOy of transcriptiai 
factors). 

In more preferred embodiments, the phannaceutical composition contains a compomid 
G.e. cell cycle checkpoint activation modulator) that can be 3,4-d]hydn>-2;2-dtmeth^3-(3- 
5 methyl-2"butenjd)-2H-naphtho[i;24)]pyran-5,6-di<me, 3,4-dihydIO-2;^^lhneihyl-2H- 

naphtho[l^b]thiopyran-S,6-dione or 3»4-dihydro4,4-dimethyl-2H-iiaphtho[l^b]thiopyran- 
S,6-dione. 

A phannaceutical composition of the invention is fcnmiilated to be compatible with its 
intended route of administration. Examples of routes of administration include parenteral, 

10 e,g., intravenous, intradermal, subcutaneous, oral (e*;., inhalation), transdennal (topical), 
transmucosal, and rectal administration. Soluticms or suspensions used for parenteral, 
intradermal, or subcutaneous plication can include the following components: a sterile 
diluent such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine^ 
propyl^e glycol or other synthetic solvents; antibactmal agrats such as benzyl alcohol or 

IS methyl parabens; antioxidants such as ascoibic acid sodium bisulfite; chelating agents such 
as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents 
for the adjustmrat of tonicity such as sodium chloride or dextrose. The pH can be adjusted 
with acids or bases, such as hydroddoric add or sodium hydroxide. Thepaienteral 
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of 

20 glass or plastic. 

I%atmaceutical compositions suitable for injectable use indude sterile aqueous 
solutions (where water soluble) or diq>ersions and sterile powders for the exteooqporaneous 
preparation of sterile injectable solutions or dispersion. Fc»r intravenous adsmustradon, 
suitable cairiers include physiological saline, bacteriostatic water,C!iaiiqphQr EU^ (BASF, 

25 Parsippany,NJ.) or i^ospbate buffered saline (PBS). LiaDcases^tbecompositioaimistbe 
sterile and diould be fluid to the extent that easy syringeability^sts. It must be stable under 
the conditions of manu&cture and stofage and must be preserved against tihe contaminating 
action ofmicrooTganisnis such as bacteria and fungi. The cander can be a solvent or 
dispersion medium containmg, for example, water, ethanol, polyol (for exaiqple, glycend, 

30 propyloie glycol, and liquid polyethylene glycd, and Oe likeX and suitaUe mixtures thoeof. 
Tlie proper fluidity can be maintained, for example, by the use of a coating such as ledthin, by 
the maintenance of the required particle size in the case of diq^ersim and by the use of 
smfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, ddorobutanol, phenol, ascoibic 
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add, thhneiosal, and the Hke. In many cases, it will be preferable to include isotonic agents, 
for example, sugars, polyalcdiols such as manitol, sorbitol, sodium chloride in the 
composition. Prolonged absorption of the injectable compoations can be brought about by 
including in the composition an agrat which delays absmption, for example, aluminum 

5 monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound (e.g., 
cell cycle checkpoint activation modulator) in the required amount in an appropriate solvent 
with one or a combination of ingredients enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by incorporating the active compound into a 

10 sterile vehicle that contains a basic dispersion medium and the required other ingredients ftom 
ttose enumerated above* In the case of sterile powtos for the preparation of sterile injectable 
solutions, methods of prq>aration are vacuum dr>ing and fieeze-drying that yields a powder of 
fte active ingredient plus any additional desired ingredient ftom a previously sterile-filtered 
solution thereof. 

IS Oral compositions generally include an inert diluent or an edible carrier. They can be 

enclosed in gelatin capsules or compressed into tablets, Eor the purpose of (»al therapeutic 
adnmustration, the active conqpound can be incorporated with exdpients and used in the f «n 
oftablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier 
for nse as a mouthwash, wherein the conqpound in the fluid camCT is ^Ked oraDy and 

20 swished and expectorated or swaUowed FbaimaceuticaUy compatible bindmg ag^ts, and^or 
a^uvant materials can be included as part of the conq)Osition. I1i6taUet5,pills,aqpsule8» 
tiodies and the like can contain any of the following ingredioits, m compounds of a simflar 
nature: a Under sudi as mioocrystalline cellulose, gum tragacanth cr gelatin; an exdpient 
such as stardi or lactose, a dismtegrating agent such as algmic add, Primogel, or com starch; a 

25 lubricant such as magueaum stearate or Sterotes; a giidant such as colloidal silicon dioxide; a 
sweetening ag^tsodi as sucrose or saccharin; or a flavoring agent sodi as pqypemunt, 
methyl salicylate, or orange flavoring. 

For administralicMi by inhalation, the compounds are delivered in the form of an 
aerosol spray fiom pressured container or dispenser, which contains a suitable propellant, e.g., 

30 a gas such as carbon dioxide, or anebuliz^. 

Systemic administration can also be by liansmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the f mnulation. Such penetrants are generally known in the art, and 
include, for example, for transmucosal administration, detergents, bile salts, and fusidic add 
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derivatives. Transmiicosal adomistntion 

or suppoMtorics. Ftor transdennal administratis, fte active compounds aie formulated into 
ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories (e.g., widi conventional 
S suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 
delivery. 

In one embodiment, the active compounds are j^epaied with carriers that will protect 
the compound against rapid eUmination finam the body, such as a controlled release 
fc»mnIation, including implants and microencapsulated delivery systems. Biodegradable, 
10 biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 

polyglycolic arid, collagen, polyorthoesters, and polj^actic add. Methods for preparatjcm of 
such formulations will be apparent to those skilled in the art The materials can also be 
c*tdnedcommcmany from Alza Corporation and Nova Phanna^ Liposomal 
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to viral 
15 antigens) can also be used as pharmaceutically acceptable carriers. These can be prepared 
according to m^ods known to those skilled in the art, for example, as described in U.S, Pat 
No. 4,522,811, incorporated fiiUy herein by reference. 

It is especially advantageous to formulate and or parenteral compodtions in dosage 
unit forai fcx ease of administration and uniframi^ of dosage Dosage unit form as used 
20 heiein refers to physically discrete units suited as unitary dosages for the subject to be treated; 
each unit ccmtaining a predeterauned quantity of active compound calculated to produce the 
desired theri9)eutic effect in association widi the required pbannaceud The 
q)eaficati for the dosage unit forms of the invention are dictated by and directly dependent 
on the unique characteristics of the active compound and the particular thers^udc effect to be 
25 adiieved 

Jn theiq^c applicaticms, die dosages of the pharmaceutical onnpositions used in 
acoxdance with the invention vary dependmg cn the agent, the ag^ wei g^t, and clinical 
conditiGn erf the redidcnt patient, and fte expodence and judgment of the clinician wr 
(ffactitioncr adnunistwing the therqiy^ among other factors affecting the selected dosage 
30 Generally, the dose should be sufBdent to result in slowing, and preferably regressing, the 
growth of the tumors and also preferably causing complete regression of the cancer Dosages 
canrangefnHnabout0.0001mgfldlopCTdaytoaboutl000rog/kiloper&^^ Liprefened 
embodiments, dosages can range bom about 1 mg/Mlo per day to about 200 mgfldlo per day. 
An effective amount of a i*armaceutical agent is that which provides an objectively 
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identifMdehnprovcmimt as noted bytteclim^ or other qualified observer. Regression of a 
tnmcff in a patient is typically measured with reference to the diametw of a tumor. Decrease in 
the AametCT Ot a tumw indicates regression. Regression is also indicated by failure of tumors 
to leoocor after treatment has stopped. As used htadn, the terms "dosage effective manner 
5 and "thwapwiticaHy effective ainounr refers to amount of an active CMopound to produce the 
deared effect in a subject or cdl. 

The pharmacaitical compositions can be included in a container, pack, or dispenso^ 
together widi instructions for administration. 

The invoition is further defined by reference to the following examples. It is 
10 understood that the foregoing detailed description and the foDowing examples are ilhistrative 
only and axe not to be takem as limitations upon the scope of fliemveiitioii. Itwffl be apparent 
to those skiUed in the art that many modifications, both to the materials and methods, maybe 
practiced vvithout departing ftom the purpose and interest of the invention. Unless otherwise 
defined, all technical and sdentific terms used herdn have die same meaning as cooamcMdy 
15 understood by <me of ordinary sKB in the ait to whi<*fliisinvjmti<»bdOTg^ 

publicatitHis, patent ^pKc^oos, patents, and oflier refeiaices mentioned herein are 
incorporated by irfeience in their entirety. In the case ofcoofHct, the present specification, 
indudhag definitimis, will ccmtrol. 

20 Examples 

Sevend stufies have dKr«m fliat f^Lsjwdjcme activates djec^^ 
apoptosis in cancer cdls fhmi a variety rf tissues wiflwut affecting nranal ceilb fi^ 
tissues (U.S.PnWicationNo.US-2002^169135-Al). Rgme 2 shows flie differential effects 

25 ofB-lJipachone on human multiple mydoma (MM) cells vs. noimrihnmm 

Mommnclear CdBs (PBMQ. b tins study, piolifeiatifm of MM cells adtmed in the absence 
orpresenceofB-l;q>achone(2.4,8,and20pM)fe24hwa8inea8oredbyMrrassa^ Ata 
concentration of 4 ftM, ceD.viabiKty in cultures vw»s found to be significandy decreased in aU 
sevra MM ceD Knes, mdnding dramatic reductira in the proliferation of a patient's MM cells 

30 and dmg-redstant cells. To investigate flie cytotoxidty of B-Lapachone on human PBMC, 
cdls were isolated from anticoagnlant-treated blood. Proliferating PBMC were ^aerated by 
72hmcubafionwithphytohemagglutinin(PHA)at2Mg^ GrowUi of cells culture in die 
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ab6enceorpiesenceofft-Lqpachcine(03»2.4,and8/iM)for2^ No 
cytotoxicity to dther firesh or proliferating VBMC growth was observed. 

Kgure 3 shows the differential effects of B-Lapachone (pM) on human breast cancer 
cdls (MCF-7) vs. nonnal human breast epithdial cells (MCP-lOA). In this experiment, 

5 exponentially growing cells weie seeded at 1000 cellsAwell and allowed to attach for 48 h. 
The cells were treated for 4h with ^Lapacbone at various coix:entratiQns, then were rinsed 
and firesh medium was added. After 10-20 days, cells were fixed and| stained with modified 
Wrigbt-Oiemsa stain. The human teeast cancer cells QACP-7) show essentially complete 
eJimination of colonies at ^-Lapachone concentrations of 2-4 pM and higher, whereas the 

10 normal breast qnthdial cells (MCF-lOA) show no reduction in the number ci colonies, 
aMiou^ the size cf the colonies is smaller, as would be expected by checkpoint activated 
growth delay. 

Hgure 4 shows a similar P*Lapachone induced reduction of viability in the human 
colon cancer cell line DLDL DLDl cells were seeded into 6-weD, 96-welI plates and allowed 

15 to attach oveniight. Plated cells were then treated with equal volumes of media containing ^- 
Lapachone at various concentrations for 4 h. Control cells wm treated with PMSO equivalent 
to die highest dose of P-Lapachone used. For the colony formaticm assay, colonies were 
allowed to grow for 14 days; MTT assay cells continued in culture for an additional 2 days. 
Both assay methods show that a 4 hour exposure of 4-5 B-Lapachone eliminates viable 

20 cells. 

Rgure 5 is a histogram showing that 2-4 iiMi concentrations of B-Lapachone induce 
apoptosis in human colon cardnooia cells (DLDl and SW480) as demcmstiated by the 
appearance of a sub-Gl firacticm, whereas no i^)optosis is seen in nonnal human colon cdls 
(NCM460). Cdls were treated for 24 h, then were subjected to flow cytometric analysis after 
25 staining with propidium iodde. 

Hgttre 6 is a Western blot showing that B-Lapadione stress induces cytochrome c 
rdease in DLDl colon cancer cells after as little as 1 hour of exposure, with rdease peakmg at 
the 2 hour time point A secmd blot in the figure shows the cleavage of PARP after 4 hours of 
exposure to B-Lapachone. Cytochrome c release and PARP cleavage demonstrates die 
30 induction of apoptosis by B-Lapacbone. 

Similar experiments, as described above with B-Lapachone, wore carried out using 3,4- 
dihydto-2,2-4iinethyl-3-(3-methyl-2-butenyl)-2H-naphiho[l,2-b]^ 3,4-dihydro- 
2,2-dimethyl-2H-n£^tho[l^-b]thiq>yran-5,6-dione and 3,4-<iihydn^4,4-dimethyl-2H- 
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tare described in Table i. Theseiesuhs 
show that 3,4.dihydro-2;i-diinethyl-3H?-ine1hyl-24>u^ 

dione. 3A^ydB>-2ar&nKaty^^ 3,4-dihydn>4.4- 
diinethyl-2Itnaphlho[l>b)thiopynii»-5.6^fione eflect cancer ceBs in a smrilar nianner as B- 

5 Lapacbone. 
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Thus, Hguies 2-6 and Table 1 show that B-Lapachone, 3,4-dihydro-2^-<Kmethyl-3-<3- 
methyl-2-botenyl>2H-naphthoIU-b]pyran-5.6-dione, 3,4-dihydro-2^.diii«sthyl.2H-naphA^^ 
b]thiopyran-5,6-dioiie and 3.4-dihydro^,4Hiimethyl-2H-naphtho[l,2-t 
throagh thdr interacti(Hi wifli members of the E2F fiamfly of transoiptilOTi factors 0^ E2F-1, E2F- 
5 2, E2F-3) and other cdD cycle regulatoiy protdns, diminisbes cdl viability and promotes 
apoptosis in carcinoma cell lines from vaiions tissues without affecting the nonnal cdls frwn 
these xepresentadve tissues. 

10 A variety of medK>ds are cmraidy available for inducing cell deadi in canco' cdls. 

However, they all suffer *e problem of sdectivity as they affect cancer cells and nwmal ceUs 
equally, fa a psefened embodiment, the present invention discloses a method, and therapeutic 
anti-cancer agents, which selectively affect cancer cells without affecting nwmal cells. 

Cmrent methods of inducing E2F involve DNA damage and microtubule stabilization, 
15 which is not selective for cancer cells: The studies described in Figures 7-1 1 and Table 1 deariy 
show the upregulation of members of the E2F family of transcription factors (i a EZF-l, E2F-2, 
E2F-3) in cancCT cell lines after treatment with p-Lapachone, 3,4-dihydro-2,2-dimethyl-3-(3- 
methyl-2-bulOTyl)-2H-naphtho[U-b)pyran-5,6-dione, 3,4-dihydn>-2,2.«methyl.2H-naphtho[U- 
b]thiopyran.5,6-dione and 3,4-dihydrD-4,4-dimethyl-2H-naphthoIl^l-b]thioi^ 
20 whereas nonnal cdls are essoitially unaffected. 

Figure 7 shows the binding of nuclear protdns from ^li^adione -treated and -mitreated 
hmnan colon carcinoma cdls (DLDl) and normd colon cdls 0WCM46O) to a ^-labded. 100-bp, 
double-stranded DNA snbfiagment containing three EZF consensus sequ«ices usmg an gd 
moWai^dnft assay. The amw denotes the location of fteputadve EZF protein-DNA complex^ 
25 TheseicsuteshowthatthelevdofE2FexprcsaonintheN^ 

unchanged after treatment with 4 pM^L25>aA In contrast, nudearE2F 

piotrin levds are increased fa the DID 1 vs. starting levels as early as 0.5 hours after treatment 
and are mailcedly devated after 1 hour of treatment 

Kgme 8 diows that E2F-1 protein expression is upregulated by p-Lapachone m human 
30 pancreatic cancer cdls OPaca-2), as demonstrated by Western blot analysis. In this experiment, 
Paca-2 cells were seeded in medium and reposed for 05 hours to 0 (vehide), 03, 2 or 4 ftM 
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concentrations of 6-Lapachone. Cdls were harvested and whole cell lysates were prq>ared and 
resolved by SDS/PAGE» then Western blots were prq>aTed nsing E2F-1 antibody obtained fipom 
Santa Cruz Biotecbnology (Santa Cruz, CA) and an enhanced cheroiluminesome assay system 
(Amersham niaimacia). The blot shows that E2F*1 protein is induced by the lowest 

5 concentration ofB-Lq>achone tested, 03 mM. 

Rgure 9 shows that E2F-2 and E2F-3 protein expression is upregulated by ^ 

Lq>acbone in human colon cancer cells (SW-480X as demonstrated by Westeni blot analysis. In 
this experiment, SW*480 cells were seeded in medium and exposed for 0 to 4.0 hours with 4 fiM 
concentrations of B-L^achone* CeDs weie harvested and whole oeD lysates were prepared and 

10 resolved by SDS/PAGE, ibesn Western blots were prepared using the specific E2F antibodies 
obtained from Santa Cruz Biotechnology (Santa Cruz, CA) and an enhanced diemiluminescence 
assay systm (Amersbam Fhannada). P-Actin was used as aloadtng control. IbeUot shows diat 
the expression of E2F-2 and E2F-3 (E2F-1 closely-related famOy members) occurs during 
lapachone exposure. E2F4 and B2F-S, which fimction difierentiy from E2F-1, E2F-2 and E2F3, 

IS are not affected. 

Egoie 10 shows a sixnilar B-LapachoneMnduced elevation of E2F-1 levels in colon cancer 
cells. Human colon cancer cells (SW480) were seeded in medium and exposed to 0.5, 2 or4 /iM 
B-Lapachone. Cells were harvested and lysate was prepared and analyzed as described in Figure 
6. Relativedensity of the bands on the blot was measured by gel densitometry. These results 

20 show diat E2F-1 levels are increased in the SW480 cdon ceils by 25% foDowing 0.5 hour 
treatmoit with OS pM ^-Lapadione and up to 35% wiA 4 fiM P-Lapachone. 

Hgure 1 1 is a Western blot comparing E2F-1 levels in boA colon cancer cells and normal 
cdoncelkafkerB-LapadKme treatment Human colon cancer ceDsCSW480) and nonnal colon 
cell s (NCM460) were seeded in medium and exposed to IfM B-Lfq>achotte. Cdls were harvested 

25 prior to treatment and 03, 1,2, 4, or 7 h after exposure and lysate was prqnred and analyze 
described in Hgore 6. Ibis experiment shows that E2F-1 indnctioii is observed in the SW48D 
cells after as litde as 03 hours B-Lapachone exposure, peaks at 1-2 hours, but is still q^xredaiUy 
devated at 7 hours, thus demmstrating the persistence of EZF-1 indncti<m in cancer cell& No 
similar inducticm of E2F-1 is seen in the NCM460 normal cells. 

30 Similar ^periments, as described above with B-Lapachone, wete carried out u^g 3,4- 

dihydro-2,2-dim^yl-3K3-methyI-247ntenyl>-2H-n^htfao[l,2-^^^ 3,4^ydro- 
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W^methyl-2H-naphtholU-b]thiopyian-5.6^one and 3,4^1ihydro4.4^inethyl-2H- 
naphthoU;i-b]thiopyran-5.6^onethe,^tsof..hicha«de^^ Tbese^sute 

show that3.4^y«iro.W-<iin>eAyl-3K3-methyl-24»t^ 
34^fihydro-2^MJimethyl-2H-naphdK,(l^]thioi^-5.6^ooean^ 

ffl-„aphtholl>b]thic^yra».5.<Wioneindaceme^ 

(Le. E2F-1, E2F-2, E2P-3) in cancer cdls. 



lBaMticmtoTa«d,|^lapach«meha8been8hovratow«khica^ 

10 d«nK,ti«n.pe«ticag«ls.Inap«fi«ede^ 
and liMn|«otic antinamcer agents. wMch 
cdls. in cmnWnatfon wilh nnaotnbDle taiEPting dmgs. tt^ 

analogne drugs. 

Rgure 12 shows flie effectiveness of p-lapacbone used in combination with GL331, an 
15 analogaeofetoposide.wWchisatopoison«rasenintalator.lnthisexperi^ 

cancer cells (PC-3) were lieatedfor4hi«tliNapachoneataconcentntioncrf2^ 
GL331ataconcentrationof2MM. Qdmnnl shows cont«Jcenstieated with solvent on dqfsl 
a„d2. Colunm28howscdIstn«rtedwithp-l^oneat2MMonda,lf6r4h.incifl^ 
dn.g-fteen>edian»far20h.andthentreaiedwithsolventcontidlonday2. ColnmnSshows 
20 cdbtieatedwithsol.entcontiolfe4hondaylandwithGl331at2pMfbr4honday 

2 Col«nm4sbowscdbtteatedwithp.lapachoneondaylandwithC031on^^ ColunmS 
showscdlstieatedwithGL331ondaylandwithp-lapachoneonday2. Cohnnn6showsceDs 
tteatedwifliHapachoneandGL331ooday2. The number of colonies in the control wdl 
(solvent-tieated)wastitonasl00%8arvival. As shown in die figure, treatment with boft drags 
25 5i„„dtaBeonslycrli«atn«ntwith|Hapachoneondaylf^^^ 

syM.gi8ticcytotoxidtyandcompleteeradicationofcolanyfoimingnnits. Treatment of ceBs 
with jWapachone Mowing GL331 treatment resulted in to such advantage. 

Rgnre 13 shows the eflectiveness of p-lapad»one used in combination wiA gemdlabine. a 
cytidineanaloguedrug. In this experiment, human pancreatic cancer cells (Paca.2) were treated 
30 for4hwithHapachoneataconcentrationof2pMand/orgemdteaHneataconcenlnd 

S^ig^nJ. CohmmlshowscontiolcenstreatedwithsolventondayslandZ. Column2shows 
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ceHs treated with p-lapachone at2pMondaylfar4h, incubated in drag-free medimn for 20 h, 
and then treated with solvent control on day 2. Column 3 shows cdls treated with solvent fcr 4 h 
onday land with gemcitabineat5MgtolfOT4hondayZ Cohmm 4 shows cdls treated with 
gcmdtabineonday 1 andwithP-l^honeonday2. The number ofcolonies in the control well 
5 (solvent-treated) was taken as 100% survival. As shown mftefigure» treatment with gemdtabine 
on day 1 followed by p-lapadione resulted in complete eradicalicm of coJony forming units. 
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OTHEREMBODIMENTS 

WMe inventiOT has been described in cmguw:^ 
thereof, fte foiegmng descripdcm is intended to iOustfate and not limit die scope of the hxvendon. 
wWdi is defined by flje scope of the qjpeodeddaims. OUieraqwcts, advantages, and 
modtficad(»s an widnn die scope of dw fidlowing dahns. 
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What is claimed is: 

1. A m^od of treating cancer, comprising administering a modulator of cell cycle 
chedqxnnt activatim to a subject in need thereof, wherein said ceU cyde checkpoint activation 
modtdatcn 

a) does not damage DNA and does not stalnlize microtDbiiles; and 
h) is administered in a dosagp effective manner to txeat said cancer in said subject, 
wherrin ssdd ceU cycle cfaeclqKxint activation moduIat(H* is not P-lapachone. 

2. The method of claan 1, wherein said dosage is not cytotoxic to non-cancerous cells. 

3. The m^iod of claim 1, wherein sdd dosage does not aEfect non-cancerous cdlviabiHty. 

4. The method of claim 1, wherein smd ceD cycle chedq>oint activation modulator inhibits 
ceQular proliferation. 

5. the mediod of claim 1, wherein said cell cyde chedqKsint activation modulator mduces 
apoptosis. 

6. The method of daim 1, wheidn said cell cycle checkpoint activation modulator is a Gl 
and/or S phase chedqpoint modnlatcnr. 

7« The method of claim 1, wherein said cell cyde checkpoint activatira modulator is not a 
peptide or protein. 

8. The method of daim 1 , wherein said cell cyde chedcpoint activation modulator has a 
molecular wd^t (^less than 5 U). 

9. The method of claim 1, \yherein said cell cyde checkpoint activation modulator is 
selected from the group consisting of 3,4Hiihydro-2,2-diinethyl-3-(3-methyl-2-bntenyl>2H- 
na5>htho[l,2-b]pyran-5,6-dione,3,4-dihydro-2,2^Jimethyl-^^ 

and 3,4-dihydio^,4-dimethyl-2H-naphtho[l,2-b]thi<^yM 

10. The method of claim 1, wherein said subject is human. 
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11. The inedKxl cyf claim 1, wheidn said cell cyde checkpoint activation nx)dulator is 
administmd parenterally. 

12. The method of claim 1, wherdn said cell cyde checkpoint activation modulator is 
administeied intravenously. 

13. The mediod of claim 1, wherein said cdl cyde checkpoint activation modulatoi' is 
administeied orally. 

14. The method of claim 1, wherein said cdl cyde checkpoint activatim modulator is 
administered topically. 

15. The m^iod of dmm 1, wherein said cell cyde diedqpoint activation modulator is 
administeied in combinaticm with a diemotherapeotic ag^t. 

16. The method of claim 15, wherdn said cbemotberapeutic agoit is sdected from tiie group 
consisting of microtubide targeting dmgs» topoisomerase poison drugs and cytidine analogue 
drugs* 

17. The method of daim 15, wherein said chemoflierapeutic agent is selected firrai die group 
coning of Taxol^ (paclitaxd), lovastatin, minosine, tamoxifen, gemdtabine, araC, 5- 
fluorouradl (5-FU), methotrexate (MTX), docetaxd, vincristin, vinblastin, nocodazole, 
teniposide, etoposide, adriamydn, epothflone, navelfaine, camptolhedn, daunc»iibidn, 
dactinomydn, mitoxantrone^ amsacrine, epinibicin and idandndn. 

18. Amediod of treating cancer, comprising administering a moddator of cdl cyde 
diedqpcmit activaticm to a subject m need tiiereof; wherein said cdl cyde checkpoint activation 
moddator: 

a) does not damage DNA and does not stabilize microtubules; 

b) is administered in a dosage effective manner to treat said cancer in said subject; and 

c) elevates die levd of a mmber of the E2F family of transcription factc»:s» sdected from 
ti)e group conasting of E2F-1, E2F-2 and E2F-3, 

wherein said cell cycle checlqpoint activation moddator is not P-lspachone. 

19. The metiiod of daim 18, wherem said dosage is not cytotoxic to non-cancerous ceBs. 
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20. The method of claim 18, wherein said dosage does not affect non-cancerous cell viability. 

21. Tlie method of claim 18, wberdn said cell cycle chedcpoint activation modulator iidulnts 
ceDidar proliferation. 

22. The method of claim 18, whcrem said cdl cycle chedcpomt activation moduiator nidnces 
sqpoptosis. 

23. Tlie mrthod of daim 18, wherem said cdl cyde chcdqpomt activation moddalor is a Gl 
and/or S phase dieclqxnnt modulator. 

24. The method of daim 18, wheidn said cell cyde chedcpcnnt activation moddatw is not a 
peptide or protein. 

25. The method of claim 18, wherein said cdl cyde checkpoint activation moddator has a 
molecolar weight of less than S kD. 

26. The method of claim 18, wherein said ceO cyde cbedqxnnt activation moddalor is 
sdected from the gioup consisting of conasting of 3,4"dihydro.2,2-dinMAyl-3-(3-methyl.2. 
butrayl>2H-ni0iaK>[l,2-b]pyran-5,6-tf one, 3,4-dihydro-2,2-dimettiyl-2H-n^tho[l> 
b]thiopyran-5,6^fionc and 3,4HBhydro^,4-tfmefliyl-2H-naphthoIl,2*]lWopyran^ 

27. The method of claim 18, wherein said satject is human. 

28. The method of claim 18, wheidn said cdl cyde cbedq)omt activaticm moddator is 
adnunisteied parmteraUy. 

29. Themediod of daim 18, wherein said cdl cycle chedqKrint activation moddator is 
admimstmd intmvraondy. 

30. The method of daim 18, wherein said ceD cycle diedqpoint activation moddator is 
administeied orally. 

3L The method of dahn 18, wherdn said cdl cycle chedqxdnt activation moddator is 
admimstered tqncally. 
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32. The method of claim 18, wheiein said cdl cycle cbedcpoint activalioxi modnlalos' is 
administered in combination widi a chemotherapeutic agent 

33. The method of claim 32, whaidn said chemoth^peutic agent is selected from the group 
consisting ^microtubule taigeting drugs, topdscHnecase poison drugs and cytidine analogue 
drugs. 

34. The medx>d of daim 32, wherrin said chemoOer^eutic agent is selected from die group 
cmdsting of Taxol^ ^aclitaxelX lovastatin, minosine, tamoxifen, gemdtalnne, araC 5- 
flttorouradl (5-FU), methotrexate Q^TTX), docetaxd, vincristin, vinblastin, nocodazole, 
toiiposide, ^oposide, adriamycin, qpothOone, navelbine, camptodiedn, dauncHiibicin, 
dactinomydn, mitoxantrone, amsaorine, epinilridn and idaroUdn. 

35. A method of treating cancer, comprising administering amodulator of cdl cyde 
diec]q)dnt activation to a subject m need thereof, vidierdn said cdl cyde chedqpoint acdvation 
modulator: 

a) does not damage DNA and does not stabilize microtubule^ 

b) is administered in a dosage effective manner to treat said cancer in sdd subject; and 

c) devates die levd of the transcription factor E2F-1, 

wherein said cdl cycle cbed^cmit activation modulator is not P-lapadione. 

36. The method of claim 35, wherdn said dosage is not cytotoxic to non-cancerous cdls. 

37. The mediod of claim 35, wherdn said dosage does not affect non-cancerous cdl viability. 

38. The method of claim 35, wherdn said cell cycle checkpoint activation modulator inhibits 
celldar proliferation. 

39. The method of daim 35, wherdn sdd cdl cyde chedqxnnt activation moddator induces 
2q)Optosis. 

40. The method of daim 35, wherdn sdd ceD cycle chedqpdnt activation moddator is a Gl 
and/^or S idiase chedcpdnt moddator. 
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41. Hie method of clahn 35, wherein said cell cycle checkpoint activation modnlatoris not a 
pq)tide or protein. 

42. The method of claim 35, wheran said ceD cyde checkpoint activati<m modidator has a 
mdeadar weight of less than 5 kD. 

43. The method of claim 35. wherein said cdl cyde checkpdnt activation modulator is 
sdected from the group consistmg of conasting of 3,4-dihydro-2,2-dimelhyl-3-(3-methyl-2- 
butenyl)-2H-naphtho[l,2-b]pyran-5.6^one,3,4Hiihydro-2,2K^ 
b]tfiiopyran.5.6-diooe and3.4-dihydto-4,4-d&ncthyl-»2H-nBvhtho[l,2-b)^ 

44. The method of claim 35, wheidn said snbject is human. 

45. The method of daim 35, wherein ssid cdl cycle checkpoint activation moddator is 
administered parenterdly. 

46. The method of clahn 35, wherein said cdl cycle checkpoint activation modulator is 
administered intravenously. 

47. The metfiodofdaim35» wherein sdd cdl cyde checkpomt activation modulator is 
administeied oardly. 

48. The mediod of daim 35, wherein said cdl cyde checkpoint activation moddator is 
administBied topically. 

49. The method of claim 35, wherein said cell cycle checkpoint activation modulates is 
administeied in combination with a chemothen^utic agent 

50. The method of dami 49, wbeidn said diemotherapoitic agent is sdected firoani the group 
consisting of microtubde targeting drugs, topdsomcrase poison drugs ^ cytidine andogue 
drugs* 

51. The method of daim 49, wherein said chemotherapeutic agent is selected bom the group 
amsisting of Taxol® (paclitaxd), lovastatin, minosine, tamoxifen, gmdtabine, araC, 5- 
flucHOuraal (5-FU), metiiotrexate (MTX), docetaxd, vincristin, vinblastin, nocodazole. 



43 



wo 2004/007531 PCTAJS2003/022631 



temposide, etoposide, adriamycin, epolMlone, navdUne, camptothecin» dauncmibidn, 
dactinomydn, nutoxantxone, amsacrine, qnrabicin and sdanilndn. 

52. A method foe treating or prcventiDg an j^KJptosis-assodated disorder in a subject^ 
ccmpfising administeting a modulator of cdl cyde chedqpdnt activation to subject in need 
thereof* wherdn said cell cycle checkpoint activation modulatw: 

a) does not damage DNA and does not staMize microtubules; and 

b) is administered in a ther^peatically effective amount to induce apoptosis in said subject* 
wherdn said cell cycle checlqioint activation modulator is not ^lq>achone. 

53. A method of indndng apofytods in a subject, cc8n[Hising administering a modulator of ceD 
cycle chedcpoint activation to subject in need tboectf, wherdn sdd cdl cycle chedq>oint 
activatim modulator 

a) does not damage DNA and does not stabilize microtubules; and 

b) is administered in a therapeutically effective amount to induce apoptosis in said subject, 
wherdn said cdl cycle ched^int activaticm inodnlator is not ^-lapachone. 

54. A method of hidndng spoptods in a cell, comjaidng contacting sdd cdl with a modulator 
of cdl cyde chedq)oint activation, wherdn sdd cell cyde checkpoint activation moddator 

a) does not damage DNA and does not stabilize microtubdes; and 

b) is m a dosage effective to induce sqpoptods in sdd cdl. 
wherdn sdd cdl cyde ched?Kant activation modulatKxr is not P-lapachone. 

55. A method for scre^ung for a cell cycle checkpoint activation moddator, comprising 

a) contacting a cancer cdl with acandidate compound, and 

b) measuring Ae degree (or ex:tent) of elevation of a member of the E2F family of 
transcription fectois, sdected from the group consisting of E2F-1, E2F^2 and E2F-3, if 
present, wherein an increase in an E2F family member in the presence of sdd compound, 
as compared to abs^ce of the compound, indicates that the compound is an inducer of 
apoptosis* 

56. A cell cyde dieckpdnt activation moddator identified by the method of daim 55. 
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57. A method of treating cancer, compriOTig administering ajnodnlator of cell cycle 
checkpoint activation identified by the method of claim 55 to a subject in need thereof, wherein 
said ceD cycle checkpoint activation modulator treats said cancer. 

58. A method for screening for a cell cycle checfcpdnt activation modulator, comprising 

a) contacting a cancer cell with a candidate annpound, and 

b) measuring the degree (or extent) of devation of tiie transcription factor B2F-1, if 
present, wbmin an increase in EZF- 1 in tiie presence of said compound, as compared to 
tiie absence of tise compoond. indicates tiiat the ccmqpound is an inducer of apoptods 

59. A ceD cyde checkpoint activation modolatcr identified by the method of claim 58* 

60. A mediod of treating cancer, comprising administering a modulator of ccfl cyde 
chedqxnnt activation identified by tfie metiiod of daim 58 to a sulject in need tiiereof, wherein 
said cell cyde checkpomt activation modulator treats said cancer. 

61. A metiiod for screening for a cdl cycle checlqxnnt activation modulator, comprising 

a) contacting a cell with a candidate compound, and 

b) measuring flie degree (or extent) of apoptosis, if present, vidierdn an increase in 
apoptods in the presence of sai d compound, as compared to die absence of the ctuuponnd, 
indicates that the compound is an inducer of sqpoptosis. 

62. A cell cycle chedqpoint activation moddatoridratified by ftenarfM>d of clai^ 

63. A metiiod of treating cancer, comprismg administering a moddator of cell cycle 
checkpdnt activation identified by the method of daim 61 to a subject in need thereof, wherein 
said ceD cyde checkpoint activation modulator treats said cancer. 

64. A metiiod for screening for a compound effective for treating cancer, comprising 

a) contacting a cancer cell with a candidate omipound, and 

b) measuring tiie degree (or extent) of devatiwi of a member of flie EZF family of 
transcripticm factors, selected from tiie group consisting of E2F-1, E2F-2 and E2F-3, if 
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present, wheran an increase in an E2F family member in the presence of smdcompoDiid. 
as compared to the absence of the compound, indicates that the compound is an inducer of 



65. Acompounde£fectivefortieatingcancerideiitificdbythemethodofdaim64^ 

66. Amethodoftreatingcancer.comprisingadministeringamoddatw 

checkpoint activation identified by the mefliod of daim 64 to a subject m need thensof. whaein 
said cell cyde chedcprant activation modulatca- treats said cancer. 

67. A mefliod for screening for compomid efleclive for treating cancer, aanprismg 

a) c(»tactfaigacancercdlwilhacan*datecomponnd,and 

b) ineasuringfl»edegree(orexlent)ctfdevatioiiofthetransaipliOTfactorE2F-l.if 
present, wherein an increase in E2F-1 in the presence off said compound, as coi^^ 
fte absence of flie compound, indicates that the conq>onndi8 an inducer of apop^ 

68. A compound effective for treating cancer identified by the method of daim 67. 

69. A meftodoftreatingcaxK»r, comprising admhJistering a modulator of cdl cycle 
ched?K>int activatioB identified by the method of daim 67 to a sdgect in need there^ 
sad cell cycle cbed^wnit activation modulator treats said cancer. 

70. A method for screening for a conqwund effective treating cancer, con^^ 

c) contacting a cdl with a candidate compooDd. and 

d) nieasuiingthedegree(orextent)ofapoptosis,ifpresent,whereinanincreasefai 
^K>ptosis in the piesaice of said compound, as conq>ared to the absence of the 
ccHi^ound. indicates fliat the compound is an inducer of ^optods. 

71. A compound eflective for treating cancer idoitified by die m^wd of daim 70. 

72. Amefliodoftieatingcanccr.conqjriangadministeringamodulatorofcencyde 
dieckpoint activation identified by the method of claim 70 to a sulgect in need fliereof, whadn 
said cdl cyde chedq)Qint activation modulator treats said cancer. 
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